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TREATMENT OF LEGULCERS USING 
PLACENTADERVED COLLAGEN BOFABRIC 

0001. This application claims benefit of U.S. Provisional 
Application Ser. No. 60/699,441, filed Jul. 13, 2005, which 
is hereby incorporated by reference herein in its entirety. 

1. FIELD OF THE INVENTION 

0002 The present invention relates to methods and com 
positions for the treatment and repair of leg ulcers, particu 
larly venous leg ulcers, using a placenta-derived collagen 
biofabric. 

2. BACKGROUND OF THE INVENTION 

0003 Leg ulcers, which are breaks in the skin of the leg, 
especially around the ankles, and foot ulcers, are a persistent 
problem in certain patient populations, particularly affecting 
elderly, immobile, obese, under-exercised, diabetic or ath 
erosclerotic patients. Chronic leg ulcers are persistent, non 
healing or slow-healing wounds in which the body's healing 
process becomes stalled. The four most common types of leg 
ulcers are: venous leg ulcers, arterial leg ulcers, diabetic 
ulcers, and decubitus (pressure) ulcers. 
0004 Leg ulcers, particularly venous leg ulcers (also 
known as venous stasis ulcers), have been treated by appli 
cation of a variety of skin Substitutes or dressings. An 
example of a collagen dressing is OASISR), an extracellular 
matrix product derived from porcine Small intestine submu 
cosa. APLIGRAF(R), a living bi-layered skin substitute, 
comprises a dermal layer and an epidermal layer. ALLO 
DERM(R), a dermal matrix product, is a tissue derived from 
donated human skin. The skin Substitutes, however, have 
disadvantages, including high expense, difficulty in han 
dling, delicacy or difficulty in obtaining graft material. 
0005 Thus, despite the prevalence of leg ulcerations, 
particularly venous leg ulcerations, and the availability of 
types of graft materials, there exists a need for a method of 
healing leg ulcers using a relatively inexpensive, light 
weight, readily-available, durable material that can facilitate 
healing of the ulcerated area. 

3. SUMMARY OF THE INVENTION 

0006 The present invention provides methods of treating 
a leg ulcer, comprising contacting said ulcer with a collagen 
biofabric for a time sufficient to improve at least one aspect 
of the leg ulcer, or prevent or reduce the worsening of at least 
one aspect of a leg ulcer. In one embodiment, said contacting 
is for a time sufficient for at least one aspect of the leg ulcer 
to measurably improve compared to a leg ulcer not con 
tacted with the collagen biofabric. In another specific 
embodiment, said contacting is for a time Sufficient to 
prevent or reduce the worsening of at least one aspect of a 
leg ulcer, compared to a leg ulcer not contacted with the 
collagen biofabric. In another specific embodiment, said 
contacting comprises placing the collagen biofabric on the 
leg ulcer so that substantially all of the surface area of the 
biofabric contacts the leg ulcer. In another specific embodi 
ment, said contacting comprises placing the collagen bio 
fabric on a meshed skin graft covering a leg ulcer so that a 
plurality, or substantially all, of the interstices of the skin 
graft are in contact with the biofabric. In various embodi 
ments, said leg ulcer can be, for example, a venous leg ulcer, 
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arterial leg ulcer, diabetic leg ulcer, decubitus ulcer, or split 
thickness skin grafted ulcer or wound. 
0007. The preferred collagen biofabric is substantially 
dry, i.e., about 20% or less water by weight, and substan 
tially retains the proteins of the amnion, chorion, or both in 
their native, unmodified conformations. In a specific 
embodiment, for example, the collagen biofabric is not 
protease-treated. In another specific embodiment, proteins 
within said collagen biofabric are not artificially chemically 
crosslinked, that is, the collagen biofabric is not fixed. In 
another specific embodiment, the collagen biofabric is sub 
stantially dry prior to said contacting. In another specific 
embodiment, said collagen biofabric is provided as a sheet, 
membrane, netting or webbing. In another specific embodi 
ment, the collagen biofabric is diced or sheared such that it 
is flowable through a cannula or needle. In another specific 
embodiment, said collagen biofabric is mounted on a Sup 
port. In a more specific embodiment, said Support is a 
bandage. 
0008. In another specific embodiment, said collagen bio 
fabric additionally comprises a bioactive compound not 
naturally-occurring in the collagen biofabric, or present in a 
different concentration than in collagen biofabric to which 
the bioactive compound has not been added. In a more 
specific embodiment, said bioactive compound is a small 
organic molecule, a mineral, a metal, an antibiotic, amino 
acid, pain medication, anti-inflammatory agent, cytokine, 
growth factor, enzyme inhibitor, kinase inhibitor, an anti 
tumor agent, an anti-fungal agent, an anti-Viral agent, an 
anti-infective agent, a wound sealant or a wound healing or 
sealing agent. In a more specific embodiment, said wound 
healing or sealing agent is platelet-derived growth factor 
(PDGF), transforming growth factor (TGF), lactoferrin, 
thymosin, hyaluronic acid (HA), fibrin, fibronectin or throm 
bin, or a combination thereof. 

4. DETAILED DESCRIPTION OF THE 
INVENTION 

0009 4.1 Treatment of Leg Ulcers Using Collagen Bio 
fabric 

0010. The present invention provides methods for the 
treatment of a leg ulcer using a collagen biofabric. In this 
context, “treatment of a leg ulcer comprises contacting the 
leg ulcer with collagen biofabric for a time sufficient to 
improve at least one aspect of the leg ulcer, or to reduce the 
worsening of at least one aspect of the leg ulcer, as compared 
to a leg ulcer not contacted with collagen biofabric. As used 
herein, "aspect of the leg ulcer includes objectively mea 
Surable parameters such as ulcer size, depth or area, degree 
of inflammation, ingrowth of epithelial and/or mesodermal 
tissue, gene expression within the ulcerated tissue that is 
correlated with the healing process, quality and extent of 
scarring etc., and Subjectively measurable parameters, such 
as patient well-being, perception of improvement, percep 
tion of lessening of pain or discomfort associated with the 
ulcer, patient perception that treatment is successful, and the 
like. 

0011 Thus, in a preferred embodiment, the invention 
provides a method of treating a leg ulcer comprising con 
tacting the leg ulcer with collagen biofabric for a sufficient 
time to heal the ulcer, e.g., for a time sufficient for the 
epithelium to close over the ulcer. In another preferred 
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embodiment, the leg ulcer is contacted with collagen bio 
fabric for a time sufficient for at least one aspect of the leg 
ulcer to show measurable improvement, compared to a leg 
ulcer not contacted with collagen biofabric. In another 
embodiment, the leg ulcer is contacted with collagen bio 
fabric for a time sufficient to prevent, or reduce, the wors 
ening of at least one aspect of the leg ulcer, compared to a 
leg ulcer not contacted with the collagen biofabric. 
0012 Generally, the collagen biofabric is contacted with 
the leg ulcer in any manner that maximizes contact between 
the leg ulcer and collagen biofabric. For example, the 
collagen biofabric can be laid or pressed gently as a dry 
sheet on the leg ulcer, and can be allowed to adhere to the 
leg ulcer by contact alone. The dry sheet may optionally then 
be wetted so that the collagen biofabric additionally adheres 
to the skin Surrounding the ulcer. In another embodiment, 
the collagen biofabric can be pre-wetted, for example with 
a saline Solution, and laid or pressed gently onto the leg 
ulcer. As in the previous embodiment, the biofabric can be 
allowed to adhere to the leg ulcer without external means of 
securing the biofabric. In another embodiment, the leg ulcer 
and collagen biofabric can be covered by a bandage Such 
that the collagen biofabric is pressed onto the surface of the 
leg ulcer. In a specific embodiment, the collagen biofabric 
can be attached to, or adhered to, the bandage. The collagen 
biofabric may, less preferably, be sutured, glued or stapled to 
tissue Surrounding the leg ulcer. During the course of 
treating a leg ulcer, collagen biofabric may be applied a 
plurality of times. For example, when collagen biofabric 
contacted with a leg ulcer becomes absorbed into the ulcer, 
or otherwise degraded, the leg ulcer can be contacted with 
a fresh piece of the collagen biofabric. Preferably, the 
collagen biofabric covers all or substantially all of the 
Surface of the leg ulcer. 
0013 In preparation for, and during, contacting a leg 
ulcer with collagen biofabric, the ulcer is preferably kept 
moist. Dry ulcers can be wetted with, e.g., a saline Solution 
prior to contacting with the collagen biofabric. 
0014. The invention provides for the treatment of a leg 
ulcer using collagen biofabric at any point in the develop 
ment and pathogenesis and/or healing of the ulcer. 
Venous Leg Ulcers 
0.015 The invention provides for the treatment of venous 
leg ulcers using collagen biofabric. Venous leg ulcers, also 
known as venous stasis ulcers or venous insufficiency ulcers, 
a type of chronic or non-healing wound, are widely preva 
lent in the United States, with approximately 7 million 
people, usually the elderly, afflicted. Worldwide, it is esti 
mated that 1-1.3% of individuals suffer from venous leg 
ulcers. Approximately 70% of all leg ulcers are venous 
ulcers. Venous leg ulcers are often located in the distal third 
of the leg known as the gaiter region, and typically on the 
inside of the leg. The ulcer is usually painless unless 
infected. Venous leg ulcers typically occur because the 
valves connecting the Superficial and deep veins fail to 
function properly. Failure of these valves causes blood to 
flow from the deep veins back out to the superficial veins. 
This inappropriate flow, together with the effects of gravity, 
causes Swelling and progression to damage of lower leg 
tissues. 

0016 Patients with venous leg ulcers often have a history 
of deep vein thrombosis, leg injury, obesity, phlebitis, prior 
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vein Surgery, and lifestyles that require prolonged Standing. 
Other factors may contribute to the chronicity of venous leg 
ulcers, including poor circulation, often caused by arterio 
Sclerosis; disorders of clotting and circulation that may or 
may not be related to atherosclerosis: diabetes; renal (kid 
ney) failure; hypertension (treated or untreated); lymphe 
dema (buildup of fluid that causes Swelling in the legs or 
feet); inflammatory diseases Such as vasculitis, lupus, scle 
roderma or other rheumatological conditions; medical con 
ditions such as high cholesterol, heart disease, high blood 
pressure, sickle cell anemia, or bowel disorders; a history of 
Smoking (either current or past); pressure caused by lying in 
one position for too long; genetics (predisposition for 
venous disease); malignancy (tumor or cancerous mass); 
infections; and certain medications. 
0017 Venous ulcers are typically treated with wound 
debridement and with compression of the leg to minimize 
edema or Swelling. Compression treatments include wearing 
therapeutic compression stockings, multilayer compression 
wraps, or wrapping an ACE bandage or dressing from the 
toes or foot to the area below the knee. An Unna boot may 
be used, but is less preferred. 
0018 Thus, in another embodiment, the invention pro 
vides a method of treating a venous leg ulcer comprising 
contacting the venous leg ulcer with collagen biofabric and 
applying compression to the venous leg ulcer, for a time 
Sufficient to improve at least one aspect of the venous leg 
ulcer, or to lessen the worsening of at least one aspect of a 
venous leg ulcer, as compared to a venous leg ulcer not 
contacted with collagen biofabric. In a specific embodiment, 
said compression is applied by a therapeutic compression 
stocking, multilayer compression wrap, ACE bandage, or 
Unna boot. In a specific embodiment, the ulcer is debrided 
prior to contacting with the collagen biofabric. In another 
specific embodiment, the method additionally comprises 
treating an underlying cause of the venous leg ulcer. 
Other Leg Ulcer Types 
0019 Arterial leg ulcers are caused by an insufficiency in 
one or more arteries’ ability to deliver blood to the lower leg, 
most often due to atherosclerosis. Arterial ulcers are usually 
found on the feet, particularly the heels or toes, and the 
borders of the ulcer appear as though they have been 
punched out. Arterial ulcers are frequently painful. This 
pain is relieved when the legs are lowered with feet on the 
floor as gravity causes more blood to flow into the legs. 
Arterial ulcers are usually associated with cold white or 
bluish, shiny feet. 
0020. The treatment of arterial leg ulcers contrasts to the 
treatment of venous leg ulcers in that compression is con 
traindicated, as compression tends to exacerbate an already 
poor blood supply, and debridement is limited, if indicated 
at all. Thus, in another embodiment, the invention provides 
a method of treating an arterial leg ulcer comprising treating 
the underlying cause of the arterial leg ulcer, e.g., arterio 
Sclerosis, and contacting the arterial leg ulcer with collagen 
biofabric for a time sufficient to improve at least one aspect 
of the arterial leg ulcer, or to lessen the worsening of at least 
one aspect of the arterial leg ulcer, as compared to an arterial 
leg ulcer not contacted with collagen biofabric. In a specific 
embodiment, the method of treating does not comprise 
compression therapy. 
0021 Diabetic foot ulcers are ulcers that occur as a result 
of complications from diabetes. Diabetic ulcers are typically 
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caused by the combination of Small arterial blockage and 
nerve damage, and are most common on the foot, though 
they may occur in other areas affected by neuropathy and 
pressure. Diabetic ulcers have characteristics similar to 
arterial ulcers but tend to be located over pressure points 
such as heels, balls of the feet, tips of toes, between toes or 
anywhere bony prominences rub against bed sheets, socks or 
shoes. 

0022 Treatment of diabetic leg ulcers is generally similar 
to the treatment of venous leg ulcers, though generally 
without compression; additionally, the underlying diabetes 
is treated or managed. Thus, in another embodiment, the 
invention provides a method of treating a diabetic leg ulcer 
comprising treating the underlying diabetes, and contacting 
the diabetic leg ulcer with collagen biofabric for a time 
Sufficient to improve at least one aspect of the diabetic leg 
ulcer, or to lessen the worsening of at least one aspect of the 
diabetic leg ulcer, as compared to a diabetic leg ulcer not 
contacted with collagen biofabric. 
0023 Decubitus ulcers, commonly called bedsores or 
pressure ulcers, can range from a very mild pink coloration 
of the skin, which disappears in a few hours after pressure 
is relieved on the area to a very deep wound extending into 
the bone. Factors known to be associated with the develop 
ment of ulcers include advanced age, immobility, poor 
nutrition, and incontinence. Stage 1 decubitus ulcers exhibit 
nonblanchable erythema of intact skin. Stage 2 decubitus 
ulcers exhibit Superficial or partial thickness skin loss. Stage 
3 decubitus ulcers exhibit full thickness skin loss with 
Subcutaneous damage. The ulcer extends down to underly 
ing fascia, and presents as a deep crater. Finally, stage 4 
decubitus ulcers exhibit full thickness skin loss with exten 
sive destruction, tissue necrosis, and damage to the under 
lying muscle, bone, tendon or joint capsule. 
0024. After removing the pressure or abrasion that is the 
underlying cause of the decubitus ulcer, treatment generally 
involves keeping the area clean, promoting tissue regenera 
tion, and removing dead tissue. Thus, in another embodi 
ment, the invention provides a method of treating a decu 
bitus leg ulcer comprising removing the pressure causing the 
decubitus ulcer, and contacting the decubitus leg ulcer with 
collagen biofabric for a time sufficient to improve at least 
one aspect of the decubitus leg ulcer, or to lessen the 
worsening of at least one aspect of the decubitus leg ulcer, 
as compared to a decubitus leg ulcer not contacted with 
collagen biofabric. 
0025. A preferred collagen biofabric for use in the meth 
ods of treatment of a leg ulcer, described herein, is a 
collagen-containing, placenta-derived amniotic and/or 
chorion membrane material used as a film, membrane, or 
sheet. A particularly preferred collagen biofabric is the 
vacuum-dried, non-fixed, non-protease-treated amniotic 
membrane material described in Hariri, U.S. Application 
Publication U.S. 2004/0048796, which is hereby incorpo 
rated in its entirety, and produced by the methods described 
therein, and herein (see Examples 1, 2). 
0026. The invention further encompasses treating a leg 
ulcer using collagen biofabric in conjunction with one or 
more therapies or treatments used in the course of treating a 
leg ulcer. The one or more additional therapies may be used 
prior to, concurrent with, or after use of the collagen 
biofabric. The collagen biofabric, and one or more addi 
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tional therapies, may be used where the collagen biofabric 
alone, or the one or more additional therapies, alone, would 
be insufficient to measurably improve, maintain, or lessen 
the worsening of, one or more aspects of a leg ulcer. For 
example, the invention provides for the treatment of a leg 
ulcer comprising contacting the leg ulcer with a collagen 
biofabric, and treating the leg ulcer in another manner not 
comprising contacting the leg ulcer with a collagen biofab 
ric, where the contacting and the treating the leg ulcer using 
an additional therapy together cause a measurable improve 
ment in, maintenance of, or lessening of the worsening of 
at least one aspect of a leg ulcer, as compared to a leg ulcer 
not contacted with a collagen biofabric. In specific embodi 
ments, the one or more additional therapies comprise, with 
out limitation, treatment of the leg ulcer with a wound 
healing agent (e.g., PDGF, REGRANEXR); administration 
of an anti-inflammatory compound; administration of a pain 
medication; administration of an antibiotic; administration 
of an anti-platelet or anti-clotting medication; application of 
a prosthetic; application of a non-collagen biofabric dressing 
(e.g., moist to moist dressings; hydrogels/hydrocolloids; 
alginate dressings; collagen-based wound dressings; antimi 
crobial dressings; composite dressings; synthetic skin Sub 
stitutes, etc.), and the like. In another embodiment, the 
additional therapy comprises contacting the leg ulcer with 
honey. For any of the above embodiments, in a specific 
embodiment, the leg ulcer is a venous leg ulcer, a decubitus 
ulcer, a diabetic ulcer, or an arterial leg ulcer. 
0027. In another specific embodiment, the additional 
therapy is a pain medication. The invention thus provides a 
method of treating a leg ulcer comprising contacting the leg 
ulcer with a collagen biofabric, and administering a pain 
medication to lessen or eliminate leg ulcer pain. In a specific 
embodiment, the pain medication is a topical pain medica 
tion. 

0028. In another specific embodiment, the additional 
therapy is an anti-infective agent. Preferably, the anti-infec 
tive agent is one that is not cytotoxic to healthy tissues 
Surrounding and underlying the leg ulcer; thus, compounds 
such as iodine and bleach are disfavored. Thus, treatment of 
the leg ulcer, in one embodiment, comprises contacting the 
leg ulcer with collagen biofabric and administering an 
anti-infective agent. The anti-infective agent may be admin 
istered by any route, e.g., topically, orally, buccally, intra 
venously, intramuscularly, anally, etc. In a specific example, 
the anti-infective agent is an antibiotic, a bacteriostatic 
agent, antiviral compound, a virustatic agent, antifungal 
compound, a fungistatic agent, or an antimicrobial com 
pound. In another specific embodiment, the anti-infective 
agent is ionic silver. In a more specific embodiment, the 
ionic silver is contained within a hydrogel. In a preferred 
embodiment, the collagen biofabric is impregnated with 
silver ions prior to application to the leg ulcer. In another 
embodiment, the collagen biofabric is impregnated with 
silver ions after application of the biofabric to the leg ulcer. 
In specific embodiments, the leg ulcer is a venous leg ulcer, 
arterial leg ulcer, decubitus ulcer, or diabetic ulcer. 
0029. The invention further provides a method of treating 
a leg ulcer comprising contacting the leg ulcer with collagen 
biofabric and a plurality of stem or progenitor cells. In one 
embodiment, the collagen biofabric may be contacted with 
the stem or progenitor cells prior to contacting the leg ulcer 
with the collagen biofabric. For example, a sheet or piece of 
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collagen biofabric may be prepared immediately prior to 
application on the venous leg ulcer by disposing on the 
surface of the collagen biofabric a solution of stem or 
progenitor cells and allowing the stem or progenitor cells 
sufficient time to attach to the collagen biofabric. The stem 
or progenitor cells, alternately, may be disposed onto the 
surface of the collagen biofabric about 30 minutes, 1, 2, 3, 
4, 5, 6, 7, 8, 9, 10, 12, 14, 16, 18, 20, 22, 24 or more hours 
prior to application of the collagen biofabric onto the leg 
ulcer. In another embodiment, the collagen biofabric may be 
contacted with the stem or progenitor cells after application 
of the collagen biofabric to the leg ulcer. In another embodi 
ment, a the invention provides a method of treating a venous 
leg ulcer comprising contacting the leg ulcer with a plurality 
of stem or progenitor cells, and contacting the leg ulcer with 
collagen biofabric co that the collagen biofabric covers the 
leg ulcer and stem or progenitor cells. 
0030 The number of stem or progenitor cells disposed 
onto the leg ulcer, or onto the Surface of the collagen 
biofabric, in any embodiment may vary, but may be at least 
1x10, 3x10, 1x107, 3x107, 1x10, 3x10, 1x10, 3x10, 
1x10', 3x10, 1x10', 3x10'', or 1x10'; or may be no 
more than 1x10, 3x10, 1x107, 3x107, 1x10,3x10, 1x10, 
3x10, 1x10', 3x10', 1x10', 3x10', or 1x10' stem or 
progenitor cells. Thus, in specific embodiments, the inven 
tion provides a method of treating a leg ulcer comprising 
contacting said leg ulcer with, in either order, (a) collagen 
biofabric, and (b) a plurality of stem or progenitor cells 
comprising 1x10, 3x10, 1x107, 3x107, 1x10, 3x10, 
1x10, 3x10, 1x10', 3x10", 1x10'', 3x10'', or 1x10": 
stem or progenitor cells. In other specific embodiments, the 
invention provides a method of treating a leg ulcer, in 
particular, a venous leg ulcer comprising contacting said leg 
ulcer with, in either order, (a) collagen biofabric, and (b) a 
plurality of stem or progenitor cells comprising no more 
than 1x10, 3x10, 1x107, 3x107, 1x10, 3x10, 1x10, 
3x10, 1x10', 3x10', 1x10', 3x10', or 1x10'’; stem or 
progenitor cells. In a more specific embodiment, said plu 
rality of stem cells comprises two or more different stem or 
progenitor cell types. 
0031. In one aspect, the invention provides a method of 
treating a leg ulcer, comprising contacting the leg ulcer with 
a collagen biofabric, wherein said collagen biofabric does 
not raise a detectable immune response to the collagen 
biofabric. In a specific embodiment, the leg ulcer is a venous 
leg ulcer, arterial leg ulcer, decubitus ulcer, or diabetic ulcer. 
0032 4.2 Collagen Biofabric 
0033 4.2.1 Description 
0034. The collagen biofabric used to treat a leg ulcer may 
be derived from the amniotic membrane of any mammal, for 
example, equine, bovine, porcine or catarrhine sources, but 
is most preferably derived from human placenta. In a 
preferred embodiment, the collagen biofabric is substan 
tially dry, i.e., is 20% or less water by weight. In another 
preferred embodiment, the collagen biofabric retains the 
native tertiary and quaternary structure of the amniotic 
membrane, i.e., has not been protease-treated. In another 
preferred embodiment, the collagen biofabric contains no 
collagen and other structural proteins that have been artifi 
cially crosslinked, e.g., chemically crosslinked, that is, the 
preferred collagen biofabric is not fixed. A preferred col 
lagen biofabric is the dried, non-fixed, non-protease-treated 
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amniotic membrane material described in Hariri, U.S. Appli 
cation Publication U.S. 2004/0048796, which is hereby 
incorporated in its entirety, and that is produced by the 
methods described therein, and herein (see Examples 1, 2). 
However, the methods of the present invention can utilize 
any placenta-derived collagen material made by any proce 
dure. 

0035) In a preferred embodiment, the collagen biofabric 
used in the treatment of a leg ulcer is translucent. In other 
embodiments, the collagen biofabric is opaque, or is colored 
or dyed, e.g., permanently colored or dyed, using a medi 
cally-acceptable dyeing or coloring agent. Such an agent 
may be adsorbed onto the collagen biofabric, or the collagen 
biofabric may be impregnated or coated with Such an agent. 
In this embodiment, any known non-toxic, non-irritating 
coloring agent or dye may be used. 

0036 When the collagen biofabric is substantially dry, it 
is about 0.1 g/cm to about 0.6 g/cm. In a specific embodi 
ment, a single layer of the collagen biofabric is at least 2 
microns in thickness. In another specific embodiment, a 
single layer of the collagen biofabric used to repair a 
tympanic membrane is approximately 10-40 microns in 
thickness, but may be approximately 2-150, 2-100 microns, 
5-75 microns or 7-60 microns in thickness in the dry state. 
0037. In one embodiment, the collagen biofabric is prin 
cipally composed of collagen (types I, III and IV; about 90% 
of the matrix of the biofabric), fibrin, fibronectin, elastin, 
and further contains glycosaminoglycans and proteoglycans. 
In other embodiments, non-structural components of the 
biofabric may include, for example, growth factors, e.g., 
platelet-derived growth factors (PDGFs), vascular-endothe 
lial growth factor (VEGF), fibroblast growth factor (FGF) 
and transforming growth factor-31. The composition of the 
collagen biofabric is thus ideally Suited to encourage the 
migration of fibroblasts and macrophages, and thus the 
promotion of wound healing. 

0038. The collagen biofabric may be used in a single 
layered format, for example, as a single-layer sheet or an 
un-laminated membrane. Alternatively, the collagen biofab 
ric may be used in a double-layer or multiple-layer format, 
e.g., the collagen biofabric may be laminated. Lamination 
can provide greater stiffness and durability during the heal 
ing process. The collagen biofabric may be, for example, 
laminated as described below (see Section 4.2.7). 
0039 The collagen biofabric may further comprise col 
lagen from a non-placenta Source. For example, one or more 
layers of collagen biofabric may be coated or impregnated 
with, or layered with, purified extracted collagen. Such 
collagen may be obtained, for example, from commercial 
Sources, or may be produced according to known methods, 
such as those disclosed in U.S. Pat. Nos. 4,420,339, 5,814, 
328, and 5,436,135, the disclosures of which are hereby 
incorporated by reference. 

0040. The collagen biofabric used to treat a leg ulcer may 
comprise one or more compounds or Substances that are not 
present in the placental material from which the collagen 
biofabric is derived. For example, the collagen biofabric 
may be impregnated with a bioactive compound. Such 
bioactive compounds include, but are not limited to, Small 
organic molecules (e.g., drugs), antibiotics (such as Clinda 
mycin, Minocycline, Doxycycline, Gentamycin), hormones, 
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growth factors, anti-tumor agents, anti-fungal agents, anti 
viral agents, pain medications, anti-histamines, anti-inflam 
matory agents, anti-infectives including but not limited to 
silver (such as silver salts, including but not limited to silver 
nitrate and silver Sulfadiazine), elemental silver, antibiotics, 
bactericidal enzymes (such as lysozyme), wound healing 
agents (such as cytokines including but not limited to PDGF, 
TGF; thymosin), hyaluronic acid as a wound healing agent, 
wound sealants (such as fibrin with or without thrombin), 
cellular attractant and Scaffolding reagents (such as added 
fibronectin) and the like. In a specific example, the collagen 
biofabric may be impregnated with at least one growth 
factor, for example, fibroblast growth factor, epithelial 
growth factor, etc. The biofabric may also be impregnated 
with Small organic molecules such as specific inhibitors of 
particular biochemical processes e.g., membrane receptor 
inhibitors, kinase inhibitors, growth inhibitors, anticancer 
drugs, antibiotics, etc. Impregnating the collagen biofabric 
with a bioactive compound may be accomplished, e.g., by 
immersing the collagen biofabric in a solution of the bio 
active compound of the desired concentration for a time 
sufficient to allow the collagen biofabric to absorb and to 
equilibrate with the solution; by spraying the solution onto 
the biofabric; by wetting the biofabric with the solution, etc. 

0041. In other embodiments, the collagen biofabric may 
be combined with a hydrogel. Any hydrogel composition 
known to one skilled in the art is encompassed within the 
invention, e.g., any of the hydrogel compositions disclosed 
in the following reviews: Graham, 1998, Med. Device Tech 
mol. 9(1): 18-22: Peppas et al., 2000, Eur: J. Pharm. Biop 
harm. 50(1): 27-46; Nguyen et al., 2002, Biomaterials, 
23(22): 4307-14; Heninclet al., 2002, Adv. Drug Deliv Rey 
54(1): 13-36; Skelhorne et al., 2002, Med. Device. Technol. 
13(9): 19-23; Schmedlen et al., 2002, Biomaterials 23: 
43256-32; all of which are incorporated herein by reference 
in their entirety. In a specific embodiment, the hydrogel 
composition is applied on the collagen biofabric, i.e., dis 
posed on the surface of the collagen biofabric. The hydrogel 
composition for example, may be sprayed onto the collagen 
biofabric or coated onto the surface of the collagen biofab 
ric, or the biofabric may be soaked, bathed or saturated with 
the hydrogel composition. In another specific embodiment, 
the hydrogel is sandwiched between two or more layers of 
collagen biofabric. In an even more specific embodiment, 
the hydrogel is sandwiched between two or more layers of 
collagen biofabric, wherein the edges of the two layers of 
biofabric are sealed so as to substantially or completely 
contain the hydrogel. 

0042. The hydrogels useful in the methods and compo 
sitions of the invention can be made from any water 
interactive, or water soluble polymer known in the art, 
including but not limited to, polyvinylalcohol (PVA), poly 
hydroxyehthyl methacrylate, polyethylene glycol, polyvinyl 
pyrrolidone, hyaluronic acid, alginate, collagen, gelatin, 
dextran or derivatives and analogs thereof. 

0043. In some embodiments, the collagen biofabric of the 
invention comprises one or more bioactive compounds and 
is combined with a hydrogel. For example, the collagen 
biofabric can be impregnated with one or more bioactive 
compounds prior to being combined with a hydrogel. In 
other embodiments, the hydrogel composition is further 
impregnated with one or more bioactive compounds prior to, 
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or after, being combined with a collagen biofabric of the 
invention, for example, the bioactive compounds described 
in Section 4.2.2, below. 
0044 4.2.2 Bioactive Compounds 
0045. The collagen biofabric used in the methods of the 
invention may comprise (e.g., be impregnated with or coated 
with) one or more bioactive compounds. As used herein, the 
term “bioactive compound' means any compound or mol 
ecule that causes a measurable effect on one or more 
biological systems in vitro or in vivo. Examples of bioactive 
compounds include, without limitation, Small organic mol 
ecules (e.g., drugs), minerals, metals, antibiotics, antiviral 
agents, antimicrobial agents, anti-inflammatory agents, anti 
proliferative agents, cytokines, enzyme or protein inhibitors, 
antihistamines, and the like. In various embodiments, the 
collagen biofabric may be coated or impregnated with 
antibiotics (such as Clindamycin, Minocycline, Doxycy 
cline, Gentamycin), hormones, growth factors, anti-tumor 
agents, anti-fungal agents, anti-Viral agents, pain medica 
tions (including Xylocaine R, Lidocaine, Procaine, 
Novocaine, etc.), antihistamines (e.g., diphenhydramine, 
Benadryl R., etc.), anti-inflammatory agents, anti-infectives 
including but not limited to silver (such as silver salts, 
including but not limited to silver nitrate and silver sulfa 
diazine), elemental silver, antibiotics, bactericidal enzymes 
(such as lysozome), wound healing agents (such as cytok 
ines including but not limited to PDGF (e.g., RegraneXOR), 
TGF; thymosin), lactoferrin, hyaluronic acid as a wound 
healing agent, wound sealants (such as fibrin with or without 
thrombin), cellular attractant and Scaffolding reagents (such 
as fibronectin), and the like, or combinations of any of the 
foregoing, or of the foregoing and other compounds not 
listed. Such impregnation or coating may be accomplished 
by any means known in the art, and a portion or the whole 
of the collagen biofabric may be so coated or impregnated. 
0046) The collagen biofabric, or composites comprising 
collagen biofabric, may comprise any of the compounds 
listed herein, without limitation, individually or in any 
combination. Any of the biologically active compounds 
listed herein, and others useful in the context of the sclera or 
eye, may be formulated by known methods for immediate 
release or extended release. Additionally, the collagen bio 
fabric may comprise two or more biologically active com 
pounds in different manners; e.g., the biofabric may be 
impregnated with one biologically active compound and 
coated with another. In another embodiment, the collagen 
biofabric comprises one biologically active compound for 
mulated for extended release, and a second biologically 
active compound formulated for immediate release. 
0047 Wound healing, including the healing of leg ulcers, 
for example venous leg ulcers, requires adequate nutrition, 
particularly the presence of iron, Zinc, arginine, Vitamin C, 
arginine, and the like. Thus, the collagen biofabric may be 
impregnated or coated with a physiologically-available form 
of one or more nutrients required for wound healing. Pref 
erably, the nutrient is formulated for extended release. 
0048. The collagen biofabric, or composite comprising 
collagen biofabric, may comprise an antibiotic; In certain 
embodiments, the antibiotic is a macrollide (e.g., tobramycin 
(TobiR)), a cephalosporin (e.g., cephalexin (Keflex(R)), 
cephradine (Velosef R)), cefuroxime (CeftinR, cefprozil 
(Cefail(R), cefaclor (Ceclor(R), cefixime (Suprax(R) or 
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cefadroxil (DuricefR), a clarithromycin (e.g., clarithromy 
cin (Biaxin)), an erythromycin (e.g., erythromycin (EMy 
cinr)), a penicillin (e.g., penicillin V (V-CillinK(R) or Pen 
VeeKR)) or a quinolone (e.g., ofloxacin (Floxin R), ciprof 
loxacin (Cipro(R) ornorfloxacin (NoroxinR)), aminoglyco 
side antibiotics (e.g., apramycin, arbekacin, bambermycins, 
butirosin, dibekacin, neomycin, neomycin, undecylenate, 
netilmicin, paromomycin, ribostamycin, Sisomicin, and 
spectinomycin), amphenicol antibiotics (e.g., azidamfenicol, 
chloramphenicol, florfenicol, and thiamphenicol), ansamy 
cin antibiotics (e.g., rifamide and rifampin), carbacephems 
(e.g., loracarbef), carbapenems (e.g., biapenem and imi 
penem), cephalosporins (e.g., cefaclor, cefadroxil, cefaman 
dole, cefatrizine, cefazedone, cefoZopran, ce?pimizole, cef 
piramide, and ce?pirome), cephamycins (e.g., 
cefbuperaZone, cefinetazole, and cefiminox), monobactams 
(e.g., aztreonam, carumonam, and tigemonam), oxacephems 
(e.g., flomoxef, and moxalactam), penicillins (e.g., amdi 
nocillin, amdinocillin pivoxil, amoxicillin, bacampicillin, 
benzylpenicillinic acid, benzylpenicillin Sodium, epicillin, 
fenbenicillin, floxacillin, penamccillin, penethamate hydrio 
dide, penicillin o-benethamine, penicillin 0, penicillin V. 
penicillin V benzathine, penicillin V hydrabamine, penime 
picycline, and phencihicillin potassium), lincosamides (e.g., 
clindamycin, and lincomycin), macrollides (e.g., azithromy 
cin, carbomycin, clarithomycin, dirithromycin, erythromy 
cin, and erythromycin acistrate), amphomycin, bacitracin, 
capreomycin, colistin, enduracidin, enviomycin, tetracy 
clines (e.g., apicycline, chlortetracycline, clomocycline, and 
demeclocycline), 2,4-diaminopyrimidines (e.g., brodi 
moprim), nitrofurans (e.g., furaltadone, and furazolium 
chloride), quinolones and analogs thereof (e.g., cinoxacin, 
ciprofloxacin, clinafloxacin, flumequine, and grepagloxa 
cin), Sulfonamides (e.g., acetyl sulfamethoxypyrazine, ben 
Zylsulfamide, noprylsulfamide, phthalylsulfacetamide, Sul 
fachrysoidine, and Sulfacytine), Sulfones (e.g., 
diathymosulfone, glucosulfone sodium, and Solasulfone), 
cycloserine, mupirocin and tuberin. 

0049. In certain embodiments, the collagen biofabric may 
be coated or impregnated with an antifungal agent. Suitable 
antifungal agents include but are not limited to amphotericin 
B, itraconazole, ketoconazole, fluconazole, intrathecal, 
flucytosine, miconazole, butoconazole, clotrimazole, nysta 
tin, terconazole, tioconazole, ciclopirox, econazole, halopro 
grin, naftifine, terbinafine, undecylenate, and griseofuldin. 

0050. In certain other embodiments, the collagen biofab 
ric, or a composite comprising collagen biofabric, is coated 
or impregnated with an anti-inflammatory agent. Useful 
anti-inflammatory agents include, but are not limited to, 
non-steroidal anti-inflammatory drugs such as salicylic acid, 
acetylsalicylic acid, methyl salicylate, diflunisal, Salsalate, 
olsalazine, Sulfasalazine, acetaminophen, indomethacin, 
Sulindac, etodolac, mefenamic acid, meclofenamate Sodium, 
tolimetin, ketorolac, dichlofenac, ibuprofen, naproxen, 
naproxen Sodium, fenoprofen, ketoprofen, flurbinprofen, 
oxaprozin, piroxicam, meloxicam, ampiroxicam, droxicam, 
pivoxicam, tenoxicam, nabumetome, phenylbutaZone, 
oxyphenbutaZone, antipyrine, aminopyrine, apaZone and 
nimeSulide; leukotriene antagonists including, but not lim 
ited to, Zileuton, aurothioglucose, gold sodium thiomalate 
and auranofin, and other anti-inflammatory agents including, 
but not limited to, methotrexate, colchicine, allopurinol, 
probenecid, Sulfinpyrazone and benzbromarone. 
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0051. In certain embodiments, the collagen biofabric, or 
a composite comprising collagen biofabric, is coated or 
impregnated with an antiviral agent. Useful antiviral agents 
include, but are not limited to, nucleoside analogs, such as 
Zidovudine, acyclovir, gangcyclovir, Vidarabine, idoxuri 
dine, trifluridine, and ribavirin, as well as foscarnet, aman 
tadine, rimantadine, saquinavir, indinavir, ritonavir, and the 
alpha-interferons. 

0052 The collagen biofabric, or a composite comprising 
collagen biofabric, may also be coated or impregnated with 
a cytokine receptor modulator. Examples of cytokine recep 
tor modulators include, but are not limited to, soluble 
cytokine receptors (e.g., the extracellular domain of a 
TNF-C. receptor or a fragment thereof, the extracellular 
domain of an IL-10 receptor or a fragment thereof, and the 
extracellular domain of an IL-6 receptor or a fragment 
thereof), cytokines or fragments thereof (e.g., interleukin 
(IL)-2, IL-3, IL-4, IL-5, IL-6, IL-7, IL-8, IL-9, IL-10, IL-11, 
IL-12, IL-15, TNF-C., TNF-B, interferon (IFN)-C, IFN-B, 
IFN-Y, and GM-CSF), anti-cytokine receptor antibodies 
(e.g., anti-IFN receptor antibodies, anti-IL-2 receptor anti 
bodies (e.g., Zenapax (Protein Design Labs)), anti-IL-4 
receptor antibodies, anti-IL-6 receptor antibodies, anti-IL-10 
receptor antibodies, and anti-IL-12 receptor antibodies), 
anti-cytokine antibodies (e.g., anti-IFN antibodies, anti 
TNF-C. antibodies, anti-IL-10 antibodies, anti-IL-6 antibod 
ies, anti-IL-8 antibodies (e.g., ABX-IL-8 (Abgenix)), and 
anti-IL-12 antibodies). In a specific embodiment, a cytokine 
receptor modulator is IL-4, IL-10, or a fragment thereof. In 
another embodiment, a cytokine receptor modulator is an 
anti-IL-1 antibody, anti-IL-6 antibody, anti-IL-12 receptor 
antibody, or anti-TNF-C. antibody. In another embodiment, a 
cytokine receptor modulator is the extracellular domain of a 
TNF-C. receptor or a fragment thereof. In certain embodi 
ments, a cytokine receptor modulator is not a TNF-C. antago 
nist. 

0053. In a preferred embodiment, proteins, polypeptides 
or peptides (including antibodies) that are utilized as immu 
nomodulatory agents are derived from the same species as 
the recipient of the proteins, polypeptides or peptides so as 
to reduce the likelihood of an immune response to those 
proteins, polypeptides or peptides. In another preferred 
embodiment, when the Subject is a human, the proteins, 
polypeptides, or peptides that are utilized as immunomodu 
latory agents are human or humanized. 

0054 The collagen biofabric, or a composite comprising 
collagen biofabric, may also be coated or impregnated with 
a cytokine. Examples of cytokines include, but are not 
limited to, colony stimulating factor 1 (CSF-1), interleukin-2 
(IL-2), interleukin-3 (IL-3), interleukin-4 (IL-4), interleu 
kin-5 (IL-5), interleukin-6 (IL-6), interleukin-7 (IL-7), inter 
leukin-9 (IL-9), interleukin-10 (IL-10), interleukin-12 (IL 
12), interleukin 15 (IL-15), interleukin 18 (IL-18), insulin 
like growth factor 1 (IGF-1), platelet derived growth factor 
(PDGF), erythropoietin (Epo), epidermal growth factor 
(EGF), fibroblast growth factor (FGF) (basic or acidic), 
granulocyte macrophage stimulating factor (GM-CSF), 
granulocyte colony stimulating factor (G-CSF), heparin 
binding epidermal growth factor (HEGF), macrophage 
colony stimulating factor (M-CSF), prolactin, and interferon 
(IFN), e.g., IFN-alpha, and IFN-gamma), lactoferrin, trans 
forming growth factor alpha (TGF-C.), TGFB1, TGFB2, 
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tumor necrosis factor alpha (TNF-C.), vascular endothelial 
growth factor (VEGF), hepatocyte growth factor (HGF), etc. 
0.055 The collagen biofabric may also be coated or 
impregnated with a hormone. Examples of hormones 
include, but are not limited to, luteinizing hormone releasing 
hormone (LHRH), growth hormone (GH), growth hormone 
releasing hormone, ACTH, Somatostatin, Somatotropin, 
Somatomedin, parathyroid hormone, hypothalamic releasing 
factors, insulin, glucagon, enkephalins, vasopressin, calci 
tonin, heparin, low molecular weight heparins, heparinoids, 
synthetic and natural opioids, insulin thyroid stimulating 
hormones, and endorphins. Examples of B-interferons 
include, but are not limited to, interferon B1-a and interferon 
B 1-b. 
0056. The collagen biofabric, or composite comprising 
collagen biofabric, may also be coated or impregnated with 
an alkylating agent. Examples of alkylating agents include, 
but are not limited to nitrogen mustards, ethylenimines, 
methylmelamines, alkyl Sulfonates, nitrosoureas, triaZenes, 
mechlorethamine, cyclophosphamide, ifosfamide, mel 
phalan, chlorambucil, hexamethylmelaine, thiotepa, buSul 
fan, carmustine, streptozocin, dacarbazine and temozolo 
mide. 

0057 The collagen biofabric, or a composite comprising 
collagen biofabric, may also be coated or impregnated with 
an immunomodulatory agent, including but not limited to 
methothrexate, leflunomide, cyclophosphamide, cyclospo 
rine A, macrollide antibiotics (e.g., FK506 (tacrolimus)), 
methylprednisolone (MP), corticosteroids, steroids, myco 
phenolate mofetil, rapamycin (sirolimus), mizoribine, deox 
yspergualin, brequinar, malononitriloamindes (e.g., lefluna 
mide), T cell receptor modulators, and cytokine receptor 
modulators. peptide mimetics, and antibodies (e.g., human, 
humanized, chimeric, monoclonal, polyclonal, Fvs, ScPVS, 
Fab or F(ab) fragments or epitope binding fragments), 
nucleic acid molecules (e.g., antisense nucleic acid mol 
ecules and triple helices), Small molecules, organic com 
pounds, and inorganic compounds. In particular, immuno 
modulatory agents include, but are not limited to, 
methothrexate, leflunomide, cyclophosphamide, cytoxan, 
Immuran, cyclosporine A, minocycline, azathioprine, anti 
biotics (e.g., FK506 (tacrolimus)), methylprednisolone 
(MP), corticosteroids, steroids, mycophenolate mofetil, 
rapamycin (sirolimus), mizoribine, deoxyspergualin, brequi 
nar, malononitriloamindes (e.g., leflunamide), T cell recep 
tor modulators, and cytokine receptor modulators. Examples 
of T cell receptor modulators include, but are not limited to, 
anti-T cell receptor antibodies (e.g., anti-CD4 antibodies 
(e.g., cM-T412 (Boeringer), IDEC-CE9.Is (IDEC and SKB), 
mAB 4162W94, Orthoclone and OKTcdraa (Janssen 
Cillag)), anti-CD3 antibodies (e.g., Nuvion (Product Design 
Labs), OKT3 (Johnson & Johnson), or Rituxan (IDEC)), 
anti-CD5 antibodies (e.g., an anti-CD5 ricin-linked immu 
noconjugate), anti-CD7 antibodies (e.g., CHH-380 (Novar 
tis)), anti-CD8 antibodies, anti-CD40 ligand monoclonal 
antibodies (e.g., IDEC-131 (IDEC)), anti-CD52 antibodies 
(e.g., CAMPATH 1H (Ilex)), anti-CD2 antibodies, anti 
CD1a antibodies (e.g., Xanelim (Genentech)), and anti-B7 
antibodies (e.g., IDEC-114) (IDEC))) and CTLA4-immuno 
globulin. In a specific embodiment, a T cell receptor modu 
lator is a CD2 antagonist. In other embodiments, a T cell 
receptor modulator is not a CD2 antagonist. In another 
specific embodiment, a T cell receptor modulator is a CD2 
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binding molecule, preferably MEDI-507. In other embodi 
ments, a T cell receptor modulator is not a CD2 binding 
molecule. The collagen biofabric comprising one or more 
Such immunomodulatory agents is useful in treating, e.g., 
autoimmune conditions such as lupus or psoriasis, and 
vasculitic lesions. 

0058. The collagen biofabric, or composite comprising 
collagen biofabric, may also be coated or impregnated with 
a class of immunomodulatory compounds known as 
IMiDs(R). As used herein and unless otherwise indicated, the 
term “IMiDR and “IMiDs(R (Celgene Corporation) 
encompasses Small organic molecules that markedly inhibit 
TNF-C. LPS induced monocyte IL1B and IL12, and partially 
inhibit IL6 production. Specific immunomodulatory com 
pounds are discussed below. 
0059 Specific examples of immunomodulatory com 
pounds include cyano and carboxy derivatives of Substituted 
styrenes such as those disclosed in U.S. Pat. No. 5,929,117; 
1-oxo-2-(2,6-dioxo-3-fluoropiperidin-3-yl) isoindolines and 
1,3-dioxo-2-(2,6-dioxo-3-fluoropiperidine-3-yl) isoindo 
lines such as those described in U.S. Pat. Nos. 5,874,448 and 
5.955,476; the tetra substituted 2-(2,6-dioxopiperdin-3-yl)- 
1-oxoisoindolines described in U.S. Pat. No. 5,798,368; 
1-oxo and 1,3-dioxo-2-(2,6-dioxopiperidin-3-yl) isolindo 
lines (e.g., 4-methyl derivatives of thalidomide), substituted 
2-(2,6-dioxopiperidin-3-yl) phthalimides and substituted 
2-(2,6-dioxopiperidin-3-yl)-1-oxoisoindoles including, but 
not limited to, those disclosed in U.S. Pat. Nos. 5,635,517, 
6,281,230, 6,316,471, 6,403,613, 6,476,052 and 6,555,554; 
1-oxo and 1,3-dioxoisoindolines substituted in the 4- or 
5-position of the indoline ring (e.g., 4-(4-amino-1,3-diox 
oisoindoline-2-yl)-4-carbamoylbutanoic acid) described in 
U.S. Pat. No. 6,380,239; isolindoline-1-one and isolindoline 
1,3-dione substituted in the 2-position with 2,6-dioxo-3- 
hydroxypiperidin-5-yl (e.g., 2-(2,6-dioxo-3-hydroxy-5-fluo 
ropiperidin-5-yl)-4-aminoisoindolin-1-one) described in 
U.S. Pat. No. 6,458.810; a class of non-polypeptide cyclic 
amides disclosed in U.S. Pat. Nos. 5,698,579 and 5,877,200; 
and isoindole-imide compounds such as those described in 
U.S. patent publication no. 2003/0045552 published on Mar. 
6, 2003, U.S. patent publication no. 2003/0096841 pub 
lished on May 22, 2003, and International Application No. 
PCT/US01/50401 (International Publication No. WO 
02/059106). The entireties of each of the patents and patent 
applications identified herein are incorporated herein by 
reference. Immunomodulatory compounds do not include 
thalidomide. 

0060 Various immunomodulatory compounds contain 
one or more chiral centers, and can exist as racemic mixtures 
of enantiomers or mixtures of diastereomers. This invention 
encompasses the use of stereomerically pure forms of Such 
compounds, as well as the use of mixtures of those forms. 
For example, mixtures comprising equal or unequal amounts 
of the enantiomers of a particular immunomodulatory com 
pounds may be used in methods and compositions. These 
isomers may be asymmetrically synthesized or resolved 
using standard techniques such as chiral columns or chiral 
resolving agents. See, e.g., Jacques, J., et al., Enantiomers, 
Racemates and Resolutions (Wiley-Interscience, New York, 
1981); Wilen, S. H., et al., Tetrahedron 33:2725 (1977); 
Eliel, E. L., Stereochemistry of Carbon Compounds 
(McGraw-Hill, N.Y., 1962); and Wilen, S. H., Tables of 
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Resolving Agents and Optical Resolutions p. 268 (E. L. 
Eliel, Ed., Univ. of Notre Dame Press, Notre Dame, Ind., 
1972). 
0061 Preferred immunomodulatory compounds include, 
but are not limited to, 1-oxo-and 1.3 dioxo-2-(2,6-dioxopi 
peridin-3-yl) isoindolines substituted with amino in the 
benzo ring as described in U.S. Pat. No. 5,635,517 which is 
incorporated herein by reference. These compounds have 
the structure I: 

O 

X R. NH 
N 
N O 

M 
HN Y 

in which one of X and Y is C=O, the other of X and Y is 
C=O or CH, and R is hydrogen or lower alkyl, in 
particular methyl. Specific immunomodulatory compounds 
include, but are not limited to: 

O O 

4. NH 
N 
N O ( I M C 

H 

NH2 

1-oxo-2-(2,6-dioxopiperidin-3-yl)-4-aminoisoindoline; 

O O 

4. NH 

( I N N O 

/ 
\, 

NH2 

1,3-dioxo-2-(2,6-dioxopiperidin-3-yl)-4-aminoisoindoline; 

O O 

4. NH 

( I N N O 

/ 
\, 

NH2 

1,3-dioxo-2-(3-methyl-2,6-dioxopiperidin-3-yl)-4-ami 
noisoindole, and optically pure isomers thereof. The com 
pounds can be obtained via Standard, synthetic methods (see 
e.g., U.S. Pat. No. 5,635,517, incorporated herein by refer 
ence). The compounds are also available from Celgene 
Corporation, Warren, N.J. 

and 
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0062. As used herein, and unless otherwise indicated, the 
term “optically pure” means a composition that comprises 
one optical isomer of a compound and is Substantially free 
of other isomers of that compound. For example, an opti 
cally pure composition of a compound having one chiral 
center will be substantially free of the opposite enantiomer 
of the compound. An optically pure composition of a com 
pound having two chiral centers will be substantially free of 
other diastereomers of the compound. A typical optically 
pure compound comprises greater than about 80% by weight 
of one enantiomer of the compound and less than about 20% 
by weight of other enantiomers of the compound, more 
preferably greater than about 90% by weight of one enan 
tiomer of the compound and less than about 10% by weight 
of the other enantiomers of the compound, even more 
preferably greater than about 95% by weight of one enan 
tiomer of the compound and less than about 5% by weight 
of the other enantiomers of the compound, more preferably 
greater than about 97% by weight of one enantiomer of the 
compound and less than about 3% by weight of the other 
enantiomers of the compound, and most preferably greater 
than about 99% by weight of one enantiomer of the com 
pound and less than about 1% by weight of the other 
enantiomers of the compound. 

0063. Other specific immunomodulatory compounds 
belong to a class of substituted 2-(2,6-dioxopiperidin-3-yl) 
phthalimides and substituted 2-(2,6-dioxopiperidin-3-yl)-1- 
oxoisoindoles, such as those described in U.S. Pat. Nos. 
6,281.230; 6,316,471; 6,335,349; and 6,476,052, and Inter 
national Patent Application No. PCT/US97/13375 (Interna 
tional Publication No. WO 98/03502), each of which is 
incorporated herein by reference. Representative com 
pounds are of formula: 

O 

R2 X R NH 
N 
N O 

R3 Y 

R4 

in which: 

0064 one of X and Y is C=O and the other of X and Y 
is C=O or CH: 

0065 (i) each of R', R. R. and R, independently of the 
others, is halo, alkyl of 1 to 4 carbon atoms, or alkoxy of 1 
to 4 carbon atoms or (ii) one of R. R. R., and R is 
NHR and the remaining of R', R. R. and R are 

hydrogen; 

0.066 R is hydrogen or alkyl of 1 to 8 carbon atoms; 
0067 R is hydrogen, alkyl of 1 to 8 carbon atoms, 
benzyl, or halo: 

0068 provided that R is other than hydrogen if X and Y 
are C=O and (i) each of R', R. R. and R is fluoro or (ii) 
one of R', R. R. or R is amino. 
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0069 Compounds representative of this class are of the 
formulas: 

O O 

4. NH 
M 
N O, and OC 

HN \, 
O O 

4. R1 NH 

OC N O, 
M 

C 
HN H 

wherein R' is hydrogen or methyl. In a separate embodi 
ment, the invention encompasses the use of enantiomerically 
pure forms (e.g. optically pure (R) or (S) enantiomers) of 
these compounds. 
0070 Still other specific immunomodulatory compounds 
belong to a class of isoindole-imides disclosed in U.S. Patent 
Application Publication Nos. US 2003/0096841 and US 
2003/0045552, and International Application No. PCT/ 
US01/50401 (International Publication No. WO 
02/059106), each of which are incorporated herein by ref 
erence. Representative compounds are of formula II: 

II 

and pharmaceutically acceptable salts, hydrates, Solvates, 
clathrates, enantiomers, diastereomers, racemates, and mix 
tures of stereoisomers thereof, wherein: 

0071 one of X and Y is C=O and the other is CH or 
C=O; 
0072) R' is H. (C-C)alkyl, (C-C)cycloalkyl, (C- 
Cs)alkenyl, (C-Cs)alkynyl, benzyl, aryl, (Co-Cal)alkyl-C- 
C.)heterocycloalkyl, (Co-C)alkyl-(C-Cs)heteroaryl, 
C(O)R, C(S)R, C(O)OR, (C-C)alkyl-N(R), (C- 
Cs)alkyl-OR, (C-C)alkyl-C(O)OR, C(O)NHR, 
C(S)NHR, C(O)NRR, C(S)NR'R' or (C-C)alkyl 
O(CO)R; 
0073 R’ is H. F. benzyl, (C-C)alkyl, (C-C)alkenyl, or 
(C-Cs)alkynyl: 
0074 R and R are independently (C-C)alkyl, (C- 
C7)cycloalkyl, (C-Cs)alkenyl, (C-Cs)alkynyl, benzyl, aryl, 
(Co-C)alkyl-C-C)heterocycloalkyl, (C-C)alkyl-(C- 
Cs)heteroaryl, (Co-Cs)alkyl-N(R), (C-Cs)alkyl-OR, 
(C-C)alkyl-C(O)OR, (C-C)alkyl-O(CO)R. O 
C(O)OR; 
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0075) R' is (C-Cs)alkyl, (C-Cs)alkenyl, (C- 
Cs)alkynyl, (C-C)alkyl-OR, benzyl, aryl, (Co-C)alkyl 
C-C)heterocycloalkyl, or (Co-Cal)alkyl-C-Cs)heteroaryl; 

0076), R is (C-Cs)alkyl, (C-Cs)alkenyl, (C- 
Cs)alkynyl, benzyl, aryl, or (C-Cs)heteroaryl; 

0.077 each occurrence of R is independently H, (C- 
Cs)alkyl, (C-C)alkenyl, (C-C)alkynyl, benzyl, aryl, (C- 
Cs)heteroaryl, or (Co-Cs)alkyl-C(O)O-R or the R groups 
can join to form a heterocycloalkyl group; 

0078 n is 0 or 1; and 

0079 * represents a chiral-carbon center. 

0080) 
then R is 

In specific compounds of formula II, when n is 0 
(C-C)cycloalkyl, (C-Cs)alkenyl, (C- 

Cs)alkynyl, benzyl, aryl, (Co-Cal)alkyl-(C- 
C.)heterocycloalkyl, (Co-C)alkyl-(C-Cs)heteroaryl, 
C(O)R, C(O)OR, (C-C)alkyl-N(R), (C-C)alkyl 
OR, (C-C)alkyl-C(O)OR, C(S)NHR, or (C-C)alkyl 
O(CO)R: 
0081) R' is H or (C-C)alkyl; and 
0082 R is (C-C)alkyl, (C-C)cycloalkyl, (C- 
Cs)alkenyl, (C-Cs)alkynyl, benzyl, aryl, (Co-Cal)alkyl-C- 
C.)heterocycloalkyl, (Co-Cal)alkyl-C-Cs)heteroaryl (Cs 
Cs)alkyl-N(R); (Co-Cs)alkyl-NH C(O)O R. (C- 
Cs)alkyl-OR, (C-Cs)alkyl-C(O)CR, (C-Cs)alkyl 
O(CO)R, or C(O)OR; and the other variables have the 
same definitions. 

0083) In other specific compounds of formula II, R is H 
or (C-C)alkyl. 

I0084) In other specific compounds of formula II, R' is 
(C-Cs)alkyl or benzyl. 

I0085. In other specific compounds of formula II, R' is H. 
(C-C)alkyl, benzyl, CHOCH, CHCHOCH or 

--C) 
O 

0086. In another embodiment of the compounds of for 
mula II, R' is 

--C). --C) O 
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0087 wherein Q is O or S, and each occurrence of R is 
independently H, (C-C)alkyl, (C-C2)cycloalkyl, (C- 
Cs)alkenyl, (C-Cs)alkynyl, benzyl, aryl, halogen, (Co 
C.)alkyl-(C-C)heterocycloalkyl, (Co-Cal)alkyl-(C- 
Cs)heteroaryl, (Co-Cs)alkyl-N(R), (C-C)alkyl-OR, 
(C-C)alkyl-C(O)OR, (C-C)alkyl-O(CO)R. O 
C(O)OR, or adjacent occurrences of R' can be taken 
together to form a bicyclic alkyl or aryl ring. 

I0088. In other specific compounds of formula II, R' is 
C(O)R. 
0089. In other specific compounds of formula II, R is 
(CO-C4)alkyl-(C2-C5)heteroaryl, (C1-C8)alkyl, aryl, or 
(Co-C)alkyl-OR. 

0090. In other specific compounds of formula II, het 
eroaryl is pyridyl, furyl, or thienyl. 

0091) In other specific compounds of formula II, R' is 
C(O)OR. 
0092. In other specific compounds of formula II, the H of 
C(O)NHC(O) can be replaced with (C-C)alkyl, aryl, or 
benzyl. 

0093. Further examples of the compounds in this class 
include, but are not limited to: 2-(2,6-dioxo-piperidin-3- 
yl)-1,3-dioxo-2,3-dihydro-1H-isoindol-4-ylmethyl-amide: 
(2-(2,6-dioxo-piperidin-3-yl)-1,3-dioxo-2,3-dihydro-1H 
isoindol-4-ylmethyl)-carbamic acid tert-butyl ester, 4-(ami 
nomethyl)-2-(2,6-dioxo(3-piperidyl))-isoindoline-1,3-di 
One, N-(2-(2,6-dioxo-piperidin-3-yl)-1,3-dioxo-2,3- 
dihydro-1H-isoindol-4-ylmethyl)-acetamide: N-(2-(2,6- 
dioxo(3-piperidyl)-1,3-dioxoisoindolin-4- 
yl)methylcyclopropyl-carboxamide: 2-chloro-N-(2-(2,6- 
dioxo(3-piperidyl)-1,3-dioxoisoindolin-4- 
yl)methyl)acetamide: N-(2-(2,6-dioxo(3-piperidyl)-1,3- 
dioxoisoindolin-4-yl)-3-pyridylcarboxamide: 3-1-oxo-4- 
(benzylamino)isoindolin-2-yl)piperidine-2,6-dione: 2-(2,6- 
dioxo(3-piperidyl)-4-(benzylamino)isoindoline-1,3-dione: 
N-(2-(2,6-dioxo(3-piperidyl)-1,3-dioxoisoindolin-4- 
yl)methylpropanamide: N-(2-(2,6-dioxo(3-piperidyl)-1, 
3-dioxoisoindolin-4-yl)methyl-3-pyridylcarboxamide: 
N-(2-(2,6-dioxo(3-piperidyl)-1,3-dioxoisoindolin-4- 
yl)methylheptanamide: N-(2-(2,6-dioxo(3-piperidyl)-1, 
3-dioxoisoindolin-4-yl)methyl)-2-furylcarboxamide: 
{N-(2-(2,6-dioxo(3-piperidyl))-1,3-dioxoisoindolin-4- 
yl)carbamoylmethyl acetate; N-(2-(2,6-dioxo(3-pip 
eridyl))-1,3-dioxoisoindolin-4-yl)pentanamide: N-(2-(2,6- 
dioxo(3-piperidyl)-1,3-dioxoisoindolin-4-yl)-2- 
thienylcarboxamide: N-(2-(2,6-dioxo(3-piperidyl)-1,3- 
dioxoisoindolin-4-yl)methyl (butylamino)carboxamide: 
N-2-(2,6-dioxo(3-piperidyl)-1,3-dioxoisoindolin-4-yl) 
methyl}(octylamino)carboxamide; and N-(2-(2,6-dioxo(3- 
piperidyl))-1,3-dioxoisoindolin-4-yl) 
methyl)-(benzylamino)carboxamide. 
0094 Still other specific immunomodulatory compounds 
belong to a class of isoindole-imides disclosed in U.S. Patent 
Application Publication Nos. US 2002/0045643, Interna 
tional Publication No. WO 98/54170, and U.S. Pat. No. 
6,395,754, each of which is incorporated herein by refer 
ence. Representative compounds are of formula III: 
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III 

R O , 
R2 Y N 

N 
N O 

M 
R3 X R6 

R4 

and pharmaceutically acceptable salts, hydrates, Solvates, 
clathrates, enantiomers, diastereomers, racemates, and mix 
tures of stereoisomers thereof, wherein: 

0.095 one of X and Y is C=O and the other is CH or 
C=O; 

0.096 R is H or CHOCOR'; 
0097 (i) each of R', R. R., or R, independently of the 
others, is halo, alkyl of 1 to 4 carbon atoms, or alkoxy of 1 
to 4 carbon atoms or (ii) one of R. R. R. or R is nitro or 
NHR and the remaining of R', R. R. or R are hydro 

gen, 

0.098 R is hydrogen or alkyl of 1 to 8 carbons 
0099 Rhydrogen, alkyl of 1 to 8 carbon atoms, benzo, 
chloro, or fluoro; 

01.00) R' is R7 CHR N(RR): 
0101) R' is m-phenylene or p-phenylene or -(CH2)— 
in which n has a value of 0 to 4; 

0102) each of R and R taken independently of the other 
is hydrogen or alkyl of 1 to 8 carbon atoms, or R and R' 
taken together are tetramethylene, pentamethylene, hexam 
ethylene, or —CH2CH2XCHCH in which X is 
—O— —S—, or —NH-. 

0103) R' is hydrogen, alkyl of to 8 carbon atoms, or 
phenyl; and 

0.104 * represents a chiral-carbon center. 
0105. Other representative compounds are of formula: 

R1 O O R R8 
R2 A 

X N-CH-o-c-R7-5-N M 
N O R9 

M 
R3 Y R6 

R4 

wherein: 

0106 one of X and Y is C=O and the other of X and Y 
is C=O or CH: 
0107 (i) each of R', R. R., or R, independently of the 
others, is halo, alkyl of 1 to 4 carbon atoms, or alkoxy of 1 
to 4 carbon atoms or (ii) one of R', R. R. and R is 
- NHR and the remaining of R', R. R. and R are 
hydrogen; 
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0108) R is hydrogen or alkyl of 1 to 8 carbon atoms; 
0109) R' is hydrogen, alkyl of 1 to 8 carbonatoms, benzo, 
chloro, or fluoro; 
0110) R' is m-phenylene or p-phenylene or -(CH2)— 
in which n has a value of 0 to 4; 
0111) each of Rand R taken independently of the other 

is hydrogen or alkyl of 1 to 8 carbon atoms, or R and R' 
taken together are tetramethylene, pentamethylene, hexam 
ethylene, or —CH2CH2X'CHCH in which X" is 
—O— —S-, or —NH-; and 

0112) R' is hydrogen, alkyl of to 8 carbon atoms, or 
phenyl. 

0113. Other representative compounds are of formula: 

O 

R2 X NH 
N 
N O 

M 
R3 Y R6 

R4 

in which 

0114 one of X and Y is C=O and the other of X and Y 
is C=O or CH: 
0115 each of R', R. R. and R, independently of the 
others, is halo, alkyl of 1 to 4 carbon atoms, or alkoxy of 1 
to 4 carbon atoms or (ii) one of R', R. R. and R is nitro 
or protected amino and the remaining of R. R. R. and R' 
are hydrogen; and 
0116 R is hydrogen, alkyl of 1 to 8 carbon atoms, benzo, 
chloro, or fluoro. 
0117 Other representative compounds are of formula: 

O 

R2 X NH 
N 
N O 
M 

R3 Y R6 

R4 

in which: 

0118 one of X and Y is C=O and the other of X and Y 
is C=O or CH: 
0119 (i) each of R. R. R. and R, independently of the 
others, is halo, alkyl of 1 to 4 carbon atoms, or alkoxy of 1 
to 4 carbon atoms or (ii) one of R. R. R., and R is 
-NHR and the remaining of R', R. R. and R are 
hydrogen; 

(0120), R is hydrogen, alkyl of 1 to 8 carbon atoms, or 
CO. R. CH(R')NR'R' in which each of R7, R. R. and 
R" is as herein defined; and 
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0121) R' is alkyl of 1 to 8 carbon atoms, benzo, chloro, 
or fluoro. 

0.122 Specific examples of the compounds are of for 
mula: 

in which: 

0123 one of X and Y is C=O and the other of X and Y 
is C=O or CH: 
0.124 R is hydrogen, alkyl of 1 to 8 carbon atoms, 
benzyl, chloro, or fluoro; 
0.125 R7 is m-phenylene, p-phenylene or -(CH2)— in 
which n has a value of 0 to 4: each of R and R taken 
independently of the other is hydrogen or alkyl of 1 to 8 
carbon atoms, or R and R taken together are tetramethyl 
ene, pentamethylene, hexamethylene, O 
—CH2CH2X'CHCH in which X is —O , - S - or 
—NH-; and 
0126 
phenyl. 

R" is hydrogen, alkyl of 1 to 8 carbon atoms, or 

0.127 Preferred immunomodulatory compounds are 
4-(amino)-2-(2,6-dioxo(3-piperidyl))-isoindoline-1,3-dione 
and 3-(4-amino-1-oxo-1,3-dihydro-isoindol-2-yl)-piperi 
dine-2,6-dione. The compounds can be obtained via stan 
dard, synthetic methods (see e.g., U.S. Pat. No. 5,635,517, 
incorporated herein by reference). The compounds are avail 
able from Celgene Corporation, Warren, N.J. 4-(Amino)-2- 
(2,6-dioxo(3-piperidyl)-isoindoline-1,3-dione has the fol 
lowing chemical structure: 

O 

N O 

N 

O V 
NH2 O H 

0128. The compound 3-(4-amino-1-oxo-1,3-dihydro 
isoindol-2-yl)-piperidine-2,6-dione has the following 
chemical structure: 

O 

N O 

N 
V 

NH2 O H 
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0129. In another embodiment, specific immunomodula 
tory compounds encompass polymorphic forms of 3-(4- 
amino-1-oxo-1.3 dihydro-isoindol-2-yl)-piperidene-2,6-di 
one such as Form A, B, C, D, E, F, G and H, disclosed in U.S. 
provisional application No. 60/499,723 filed on Sep. 4, 
2003, and U.S. non-provisional application Ser. No. 10/934, 
863, filed Sep. 3, 2004, both of which are incorporated 
herein by reference. For example, Form A of 3-(4-amino 
1-oxo-1.3 dihydro-isoindol-2-yl)-piperidene-2,6-dione is an 
unsolvated, crystalline material that can be obtained from 
non-aqueous solvent systems. Form A has an X-ray powder 
diffraction pattern comprising significant peaks at approxi 
mately 8, 14.5, 16, 17.5, 20.5, 24 and 26 degrees 20, and has 
a differential scanning calorimetry melting temperature 
maximum of about 270° C. Form A is weakly or not 
hygroscopic and appears to be the most thermodynamically 
stable anhydrous polymorph of 3-(4-amino-1-oxo-1,3 dihy 
dro-isoindol-2-yl)-piperidine-2,6-dione discovered thus far. 

0130 Form B of 3-(4-amino-1-oxo-1,3 dihydro-isoindol 
2-yl)-piperidene-2,6-dione is a hemihydrated, crystalline 
material that can be obtained from various solvent systems, 
including, but not limited to, hexane, toluene, and water. 
Form B has an X-ray powder diffraction pattern comprising 
significant peaks at approximately 16, 18, 22 and 27 degrees 
20, and has endotherms from DSC curve of about 146 and 
268°C., which are identified dehydration and melting by hot 
Stage microscopy experiments. Interconversion studies 
show that Form B converts to Form E in aqueous solvent 
systems, and converts to other forms in acetone and other 
anhydrous systems. 
0131 Form C of 3-(4-amino-1-oxo-1,3 dihydro-isoindol 
2-yl)-piperidene-2,6-dione is a hemisolvated crystalline 
material that can be obtained from solvents such as, but not 
limited to, acetone. Form C has an X-ray powder diffraction 
pattern comprising significant peaks at approximately 15.5 
and 25 degrees 20, and has a differential scanning calorim 
etry melting temperature maximum of about 269° C. Form 
C is not hygroscopic below about 85% RH, but can convert 
to Form B at higher relative humidities. 
0132) Form D of 3-(4-amino-1-oxo-1,3-dihydro-isoindol 
2-yl)-piperidene-2,6-dione is a crystalline, Solvated poly 
morph prepared from a mixture of acetonitrile and water. 
Form D has an X-ray powder diffraction pattern comprising 
significant peaks at approximately 27 and 28 degrees 20, and 
has a differential scanning calorimetry melting temperature 
maximum of about 270° C. Form D is either weakly or not 
hygroscopic, but will typically convert to Form B when 
stressed at higher relative humidities. 
0133) Form E of 3-(4-amino-1-oxo-1,3 dihydro-isoindol 
2-yl)-piperidene-2,6-dione is a dihydrated, crystalline mate 
rial that can be obtained by slurrying 3-(4-amino-1-oxo-1.3 
dihydro-isoindol-2-yl)-piperidene-2,6-dione in water and by 
a slow evaporation of 3-(4-amino-1-oxo-1.3 dihydro-isoin 
dol-2-yl)-piperidene-2,6-dione in a solvent system with a 
ratio of about 9:1 acetone: water. Form E has an X-ray 
powder diffraction pattern comprising significant peaks at 
approximately 20, 24.5 and 29 degrees 20, and has a 
differential scanning calorimetry melting temperature maxi 
mum of about 269° C. Form E can convert to Form C in an 
acetone solvent system and to Form G in a THF solvent 
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system. In aqueous solvent systems. Form E appears to be 
the most stable form. Desolvation experiments performed on 
Form E show that upon heating at about 125° C. for about 
five minutes, Form E can convert to Form B. Upon heating 
at 175° C. for about five minutes, Form B can convert to 
Form F. 

0.134) Form F of 3-(4-amino-1-oxo-1,3 dihydro-isoindol 
2-yl)-piperidene-2,6-dione is an unsolvated, crystalline 
material that can be obtained from the dehydration of Form 
E. Form F has an X-ray powder diffraction pattern compris 
ing significant peaks at approximately 19, 19.5 and 25 
degrees 20, and has a differential scanning calorimetry 
melting temperature maximum of about 269° C. 

0.135 Form G of 3-(4-amino-1-oxo-1,3 dihydro-isoindol 
2-yl)-piperidene-2,6-dione is an unsolvated, crystalline 
material that can be obtained from slurrying forms B and E 
in a solvent Such as, but not limited to, tetrahydrofuran 
(THF). Form G has an X-ray powder diffraction pattern 
comprising significant peaks at approximately 21, 23 and 
24.5 degrees 20, and has a differential scanning calorimetry 
melting temperature maximum of about 267° C. Form H of 
3-(4-amino-1-oxo-1.3 dihydro-isoindol-2-yl)-piperidene-2, 
6-dione is a partially hydrated (about 0.25 moles) crystalline 
material that can be obtained by exposing Form E to 0% 
relative humidity. Form H has an X-ray powder diffraction 
pattern comprising significant peaks at approximately 15, 26 
and 31 degrees 20, and has a differential scanning calorim 
etry melting temperature maximum of about 269° C. 

0.136. Other specific immunomodulatory compounds 
include, but are not limited to, 1-oxo-2-(2,6-dioxo-3-fluo 
ropiperidin-3yl) isoindolines and 1,3-dioxo-2-(2,6-dioxo-3- 
fluoropiperidine-3-yl) isoindolines such as those described 
in U.S. Pat. Nos. 5,874,448 and 5,955,476, each of which is 
incorporated herein by reference. Representative com 
pounds are of formula: 

C F NH 

wherein: 

0.137 Y is oxygen or Hand 
0138 each of R', R. R. and R, independently of the 
others, is hydrogen, halo, alkyl of 1 to 4 carbon atoms, 
alkoxy of 1 to 4 carbon atoms, or amino. 

0.139. Other specific immunomodulatory compounds 
include, but are not limited to, the tetra substituted 2-(2,6- 
dioxopiperdin-3-yl)-1-oxoisoindolines described in U.S. 
Pat. No. 5,798.368, which is incorporated herein by refer 
ence. Representative compounds are of formula: 
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R / O 
R2 / NH 

N 
N O 

/ 3 
R H 

R4 

wherein each of R', R. R. and R, independently of the 
others, is halo, alkyl of 1 to 4 carbon atoms, or alkoxy of 1 
to 4 carbon atoms. 

0140. Other specific immunomodulatory compounds 
include, but are not limited to, 1-oxo and 1,3-dioxo-2-(2,6- 
dioxopiperidin-3-yl) isoindolines disclosed in U.S. Pat. No. 
6,403,613, which is incorporated herein by reference. Rep 
resentative compounds are of formula: 

C. R. NH 

in which 

0141 Y is oxygen or H. 
0142) a first of R' and R is halo, alkyl, alkoxy, alky 
lamino, dialkylamino, cyano, or carbamoyl, the second of R' 
and R, independently of the first, is hydrogen, halo, alkyl, 
alkoxy, alkylamino, dialkylamino, cyano, or carbamoyl, and 

0143 R is hydrogen, alkyl, or benzyl. 
0144 Specific examples of the compounds are of for 
mula: 

R / O 
4. R3 NH 
N 
N O 
M 

C 
H 

R2 

wherein 

0145 a first of R' and R is halo, alkyl of from 1 to 4 
carbon atoms, alkoxy of from 1 to 4 carbon atoms, dialky 
lamino in which each alkyl is of from 1 to 4 carbon atoms, 
cyano, or carbamoyl; 

0146) the second of R' and R, independently of the first, 
is hydrogen, halo, alkyl of from 1 to 4 carbon atoms, alkoxy 
of from 1 to 4 carbon atoms, alkylamino in which alkyl is of 
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from 1 to 4 carbon atoms, dialkylamino in which each alkyl 
is of from 1 to 4 carbon atoms, cyano, or carbamoyl; and 

0147 R is hydrogen, alkyl of from 1 to 4 carbon atoms, 
or benzyl. Specific examples include, but are not limited to, 
1-oxo-2-(2,6-dioxopiperidin-3-yl)-4-methylisoindoline. 

0.148. Other representative compounds are of formula: 

R1 
O O 

4. R3 NH 
N 
N O 

\ 
R2 O 

wherein: 

0149 a first of R' and R is halo, alkyl of from 1 to 4 
carbon atoms, alkoxy of from 1 to 4 carbon atoms, dialky 
lamino in which each alkyl is of from 1 to 4 carbon atoms, 
cyano, or carbamoyl; 

0150 the second of R' and R, independently of the first, 
is hydrogen, halo, alkyl of from 1 to 4 carbon atoms, alkoxy 
of from 1 to 4 carbon atoms, alkylamino in which alkyl is of 
from 1 to 4 carbon atoms, dialkylamino in which each alkyl 
is of from 1 to 4 carbon atoms, cyano, or carbamoyl; and 

0151) R' is hydrogen, alkyl of from 1 to 4 carbon atoms, 
or benzyl. 

0152. Other specific immunomodulatory compounds 
include, but are not limited to, 1-oxo and 1,3-dioxoisoindo 
lines substituted in the 4- or 5-position of the indoline ring 
described in U.S. Pat. No. 6,380.239 and co-pending U.S. 
application Ser. No. 10/900,270, filed Jul. 28, 2004, which 
are incorporated herein by reference. Representative com 
pounds are of formula: 

O O 

4. Y-s: O 
N is / | 
N-C-(CH)-C-R 

2 / Y. 
X V 

XI O 

in which the carbon atom designated C constitutes a center 
of chirality (when n is not zero and R' is not the same as R); 
one of X" and X is amino, nitro, alkyl of one to six carbons, 
or NH-Z, and the other of X" or X is hydrogen; each of R' 
and R independent of the other, is hydroxy or NH-Z: R is 
hydrogen, alkyl of one to six carbons, halo, or haloalkyl, Z 
is hydrogen, aryl, alkyl of one to six carbons, formyl, or acyl 
of one to six carbons; and n has a value of 0, 1, or 2; provided 
that if X is amino, and n is 1 or 2, then R' and Rare not 
both hydroxy; and the salts thereof. 
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0153. Further representative compounds are of formula: 

O O 

4. Y-s: O 
M is / | 
N-C-(CH2)-C-R 

X2 R3 

XI 

in which the carbon atom designated C constitutes a center 
of chirality when n is not zero and R' is not R; one of X" 
and X is amino, nitro, alkyl of one to six carbons, or NH-Z, 
and the other of X" or X is hydrogen; each of R' and R' 
independent of the other, is hydroxy or NH-Z: R is alkyl of 
one to six carbons, halo, or hydrogen, Z is hydrogen, aryl or 
an alkyl or acyl of one to six carbons; and n has a value of 
0, 1, or 2. 
0154) Specific examples include, but are not limited to, 
2-(4-amino-1-oxo-1,3-dihydro-isoindol-2-yl)-4-carbamoyl 
butyric acid and 4-(4-amino-1-oxo-1,3-dihydro-isoindol-2- 
yl)-4-cabamoyl-butyric acid, which have the following 
structures, respectively, and pharmaceutically acceptable 
salts, Solvates, prodrugs, and stereoisomers thereof: 

O O 

OH 

N and 

NH2 NH2 
O 

O O 

NH2 
N 

NH2 OH. 
O 

0155) Other representative compounds are of formula: 

/ V (^ Y-R 9 
M : / | 
N-C-(CH)-C-R 

2 c. Y. 
X V 

XI O 

in which the carbon atom designated C constitutes a center 
of chirality when n is not zero and R' is not R: one of X 
and X is amino, nitro, alkyl of one to six carbons, or NH-Z. 
and the other of X" or X is hydrogen; each of R' and R' 
independent of the other, is hydroxy or NH-Z: R is alkyl of 
one to six carbons, halo, or hydrogen, Z is hydrogen, aryl, 
or an alkyl or acyl of one to six carbons; and n has a value 
of 0, 1, or 2; and the salts thereof. 
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0156 Specific examples include, but are not limited to, 
4-carbamoyl-4-4-(furan-2-yl-methyl)-amino-1,3-dioxo 
1,3-dihydro-isoindol-2-yl)-butyric acid, 4-carbamoyl-2-4- 
(furan-2-yl-methyl)-amino-1,3-dioxo-1,3-dihydro-isoin 
dol-2-yl)-butyric acid, 2-4-(furan-2-yl-methyl)-amino-1, 
3-dioxo-1,3-dihydro-isoindol-2-yl)-4-phenylcarbamoyl 
butyric acid, and 2-4-(furan-2-yl-methyl)-aminol-1,3- 
dioxo-1,3-dihydro-isoindol-2-yl)-pentanedioic acid, which 
have the following structures, respectively, and pharmaceu 
tically acceptablesalts, Solvate, prodrugs, and stereoisomers 
thereof: 

O 

O OH, 

N 

Cl NH2 O O 
NH 

O 
O 

O 

N 

/ OH 
O NH O 

O 
O 

O NH 

N y s and 
OH 

O 

O 

O 

N 

Cl OH O O 
NH 

O 

0157. Other specific examples of the compounds are of 
formula: 

NH2, 

O 
NH 

OH. 

^ Y-s: 9 
N is / | 
N-C-(CH2)-C-R 

2 / Y. 
X V 

XI O 
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wherein: 

0158 one of X and X is nitro, or NH-Z, and the other 
of X" or X is hydrogen; 
0159) each of R' and R, independent of the other, is 
hydroxy or NH-Z: 
0160 R is alkyl of one to six carbons, halo, or hydrogen; 
0161 Z is hydrogen, phenyl, an acyl of one to six 
carbons, or an alkyl of one to six carbons; and 
0162 n has a value of 0, 1, or 2; and 
0163) if -COR and -(CH),COR" are different, the 
carbon atom designated C constitutes a center of chirality. 
0164. Other representative compounds are of formula: 

4. Y-R O 
N is / | 
N-C-(CH)-C-R 

2 / Y. X \, 

wherein: 

0165) one of X" and X is alkyl of one to six carbons; 
0166 each of R' and R, independent of the other, is 
hydroxy or NH-Z: 
0167 R is alkyl of one to six carbons, halo, or hydrogen; 
0168 Z is hydrogen, phenyl, an acyl of one to six 
carbons, or an alkyl of one to six carbons; and 

0169 n has a value of 0, 1, or 2; and 
0170 if—COR and -(CH), COR" are different, the 
carbon atom designated C constitutes a center of chirality. 
0171 Still other specific immunomodulatory compounds 
include, but are not limited to, isoindoline-1-one and isoin 
doline-1,3-dione substituted in the 2-position with 2,6-di 
oxo-3-hydroxypiperidin-5-yl described in U.S. Pat. No. 
6,458,810, which is incorporated herein by reference. Rep 
resentative compounds are of formula: 

O O 
M / NH 
\,. . 
N O 
M 
X R2 : 

OH 

wherein: 

0172 
chirality; 

0173 X is –C(O) or -CH ; 
0174) R' is alkyl of 1 to 8 carbon atoms or -NHR: 

the carbon atoms designated * constitute centers of 
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0175 R is hydrogen, alkyl of 1 to 8 carbon atoms, or 
halogen; and 
0176 R is hydrogen, 
0.177 alkyl of 1 to 8 carbon atoms, unsubstituted or 
substituted with alkoxy of 1 to 8 carbon atoms, halo, amino, 
or alkylamino of 1 to 4 carbon atoms, 
0178) 
0.179 phenyl, unsubstituted or substituted with alkyl of 1 
to 8 carbon atoms, alkoxy of 1 to 8 carbon atoms, halo, 
amino, or alkylamino of 1 to 4 carbon atoms, 

cycloalkyl of 3 to 18 carbon atoms, 

0180 benzyl, unsubstituted or substituted with alkyl of 1 
to 8 carbon atoms, alkoxy of 1 to 8 carbon atoms, halo, 
amino, or alkylamino of 1 to 4 carbon atoms, or -COR' in 
which 

0181) R' is hydrogen, 
0182 alkyl of 1 to 8 carbon atoms, unsubstituted or 
substituted with alkoxy of 1 to 8 carbon atoms, halo, amino, 
or alkylamino of 1 to 4 carbon atoms, 
0183) 
0.184 phenyl, unsubstituted or substituted with alkyl of 1 
to 8 carbon atoms, alkoxy of 1 to 8 carbon atoms, halo, 
amino, or alkylamino of 1 to 4 carbon atoms, or 

cycloalkyl of 3 to 18 carbon atoms, 

0.185) benzyl, unsubstituted or substituted with alkyl of 1 
to 8 carbon atoms, alkoxy of 1 to 8 carbon atoms, halo, 
amino, or alkylamino of 1 to 4 carbon atoms. 
0186 The immunomodulatory compounds disclosed 
herein can either be commercially purchased or prepared 
according to the methods described in the patents or patent 
publications disclosed herein. Further, optically pure com 
pounds can be asymmetrically synthesized or resolved using 
known resolving agents or chiral columns as well as other 
standard synthetic organic chemistry techniques. 

0187. As used herein and unless otherwise indicated, the 
term "pharmaceutically acceptable salt” encompasses non 
toxic acid and base addition salts of the compound to which 
the term refers. Acceptable non-toxic acid addition salts 
include those derived from organic and inorganic acids or 
bases know in the art, which include, for example, hydro 
chloric acid, hydrobromic acid, phosphoric acid, Sulfuric 
acid, methaneSulphonic acid, acetic acid, tartaric acid, lactic 
acid, Succinic acid, citric acid, malic acid, maleic acid, 
Sorbic acid, aconitic acid, Salicylic acid, phthalic acid, 
embolic acid, enanthic acid, and the like. 
0188 Compounds that are acidic in nature are capable of 
forming salts with various pharmaceutically acceptable 
bases. The bases that can be used to prepare pharmaceuti 
cally acceptable base addition salts of Such acidic com 
pounds are those that form non-toxic base addition salts, i.e., 
salts containing pharmacologically acceptable cations such 
as, but not limited to, alkali metal or alkaline earth metal 
salts and the calcium, magnesium, sodium or potassium salts 
in particular. Suitable organic bases include, but are not 
limited to, N.N dibenzylethylenediamine, chloroprocaine, 
choline, diethanolamine, ethylenediamine, meglumaine 
(N-methylglucamine), lysine, and procaine. 

0189 As used herein, and unless otherwise specified, the 
term "solvate” means a compound of the present invention 



US 2007/002 1704 A1 

or a salt thereof, that further includes a stoichiometric or 
non-stoichiometric amount of Solvent bound by non-cova 
lent intermolecular forces. Where the solvent is water, the 
Solvate is a hydrate. 

0190. As used herein and unless otherwise indicated, the 
term “prodrug” means a derivative of a compound that can 
hydrolyze, oxidize, or otherwise react under biological con 
ditions (in vitro or in vivo) to provide the compound. 
Examples of prodrugs include, but are not limited to, deriva 
tives of immunomodulatory compounds that comprise bio 
hydrolyzable moieties such as biohydrolyzable amides, bio 
hydrolyzable esters, biohydrolyzable carbamates, 
biohydrolyzable carbonates, biohydrolyzable ureides, and 
biohydrolyzable phosphate analogues. Other examples of 
prodrugs include derivatives of immunomodulatory com 
pounds that comprise NO, NO2, ONO, or ONO2 moieties. 
Prodrugs can typically be prepared using well known meth 
ods, such as those described in 1 Burger's Medicinal Chem 
istry and Drug Discovery, 172 178, 949 982 (Manfred E. 
Wolff ed., 5th ed. 1995), and Design of Prodrugs (H. 
Bundgaard ed., Elselvier, N.Y. 1985). 

0191). As used herein and unless otherwise indicated, the 
terms “biohydrolyzable amide."biohydrolyzable ester, 
"biohydrolyzable carbamate.'"biohydrolyzable carbonate, 
“biohydrolyzable ureide,”“biohydrolyzable phosphate' 
mean an amide, ester, carbamate, carbonate, ureide, or 
phosphate, respectively, of a compound that either: 1) does 
not interfere with the biological activity of the compound 
but can confer upon that compound advantageous properties 
in Vivo, Such as uptake, duration of action, or onset of action; 
or 2) is biologically inactive but is converted in vivo to the 
biologically active compound. Examples of biohydrolyzable 
esters include, but are not limited to, lower alkyl esters, 
lower acyloxyalkyl esters (such as acetoxylmethyl, acetoxy 
ethyl, aminocarbonyloxymethyl, pivaloyloxymethyl, and 
pivaloyloxyethyl esters), lactonyl esters (such as phthalidyl 
and thiophthalidyl esters), lower alkoxyacyloxyalkyl esters 
(such as methoxycarbonyl-oxymethyl, ethoxycarbonyloxy 
ethyl and isopropoxycarbonyloxyethyl esters), alkoxyalkyl 
esters, choline esters, and acylamino alkyl esters (such as 
acetamidomethyl esters). Examples of biohydrolyzable 
amides include, but are not limited to, lower alkyl amides, 
a amino acid amides, alkoxyacyl amides, and alkylami 
noalkylcarbonyl amides. Examples of biohydrolyzable car 
bamates include, but are not limited to, lower alkylamines, 
Substituted ethylenediamines, amino acids, hydroxyalky 
lamines, heterocyclic and heteroaromatic amines, and poly 
ether amines. 

0192 As used herein, and unless otherwise specified, the 
term 'stereoisomer encompasses all enantiomerically/ste 
reomerically pure and enantiomerically/stereomerically 
enriched compounds of this invention. 

0193 As used herein, and unless otherwise indicated, the 
term “stereomerically pure' or “enantiomerically pure' 
means that a compound comprises one stereoisomer and is 
Substantially free of its counter Stereoisomer or enantiomer. 
For example, a compound is stereomerically or enantiomeri 
cally pure when the compound contains 80%, 90%, or 95% 
or more of one stereoisomer and 20%, 10%, or 5% or less 
of the counter Stereoisomer. In certain cases, a compound is 
considered optically active or Stereomerically/enantiomeri 
cally pure (i.e., substantially the R-form or substantially the 
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S-form) with respect to a chiral center when the compound 
is about 80% ee (enantiomeric excess) or greater, preferably, 
equal to or greater than 90% ee with respect to a particular 
chiral center, and more preferably 95% ee with respect to a 
particular chiral center. 
0194 As used herein, and unless otherwise indicated, the 
term “stereomerically enriched' or “enantiomerically 
enriched encompasses racemic mixtures as well as other 
mixtures of stereoisomers of compounds of this invention 
(e.g., R/S=30/70, 35/65, 40/60, 45/55, 55/45, 60/40, 65/35 
and 70/30). Various immunomodulatory compounds of the 
invention contain one or more chiral centers, and can exist 
as racemic mixtures of enantiomers or mixtures of diaste 
reomers. This invention encompasses the use of stereomeri 
cally pure forms of Such compounds, as well as the use of 
mixtures of those forms. For example, mixtures comprising 
equal or unequal amounts of the enantiomers of a particular 
immunomodulatory compounds of the invention may be 
used in methods and compositions of the invention. These 
isomers may be asymmetrically synthesized or resolved 
using standard techniques such as chiral columns or chiral 
resolving agents. See, e.g., Jacques, J., et al., Enantiomers, 
Racemates and Resolutions (Wiley Interscience, New York, 
1981); Wilen, S. H., et al., Tetrahedron 33:2725 (1977); 
Eliel, E. L., Stereochemistry of Carbon Compounds 
(McGraw Hill, N.Y., 1962); and Wilen, S. H., Tables of 
Resolving Agents and Optical Resolutions p. 268 (E. L. 
Eliel, Ed., Univ. of Notre Dame Press, Notre Dame, Ind., 
1972). 
0.195 Compounds used in the invention may be small 
organic molecules having a molecular weight less than about 
1,000 g/mol, and are not proteins, peptides, oligonucle 
otides, oligosaccharides or other macromolecules. 
0196. It should be noted that if there is a discrepancy 
between a depicted structure and a name given that structure, 
the depicted structure is to be accorded more weight. In 
addition, if the stereochemistry of a structure or a portion of 
a structure is not indicated with, for example, bold or dashed 
lines, the structure or portion of the structure is to be 
interpreted as encompassing all Stereoisomers of it. 
0197) The amount of the bioactive compound coating or 
impregnating the collagen may vary, and will preferably 
depend upon the particular bioactive compound to be deliv 
ered, and the effect desired. For example, where the bioac 
tive compound is an anti-inflammatory agent, the amount of 
the anti-inflammatory agent on or contained by the collagen 
is an amount Sufficient to measurably reduce one or more 
symptoms or indicia of inflammation in or around the leg 
ulcer. 

0.198. In various embodiments, the collagen biofabric, 
used to treat a leg ulcer, may be coated with, or impregnated 
with, at least 0.1, 0.2,0.3, 0.4,0.5,0.6,0.7, 0.8, 0.9, 1, 2, 3, 
4, 5, 6, 7, 8, 9, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 
70, 75, 80, 85,90, 95, 100, 110, 120, 130, 140, 150, 160, 
170, 180, 190, 200, 300, 400, 500, 600, 700, 800, 900, 100, 
1250, 1500, 2000, 2500, 300, 3500, 4000, 4500, 5000, 5500, 
6000, 6500, 7000, 7500, 8000, 8500, 9000, 9500, 10000, 
20000, 30000, 40000, 50000, 60000, 70000, 80000, 90000, 
100000, 200000, 300000, 400000, 500000, 600000, 700000, 
800000, 900000 or at least 1000000 nanograms of a bioac 
tive compound. In another embodiment, the ocular plug of 
the invention may be coated with, or impregnated with, no 
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more than 0.1, 0.2,0.3, 0.4,0.5,0.6, 0.7, 0.8, 0.9, 1, 2, 3, 4, 
5, 6, 7, 8, 9, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 
70, 75, 80, 85, 90, 95, 100, 110, 120, 130, 140, 150, 160, 
170, 180, 190, 200, 300, 400, 500, 600, 700, 800, 900, 100, 
1250, 1500, 2000, 2500, 300, 3500, 4000, 4500, 5000, 5500, 
6000, 6500, 7000, 7500, 8000, 8500, 9000, 9500, 10000, 
20000, 30000, 40000, 50000, 60000, 70000, 80000, 90000, 
100000, 200000, 300000, 400000, 500000, 600000, 700000, 
800000, 900000 or at least 1000000 nanograms of a bioac 
tive compound. 

0199 4.2.3 Conformation of the Collagen Biofabric 

0200. The collagen biofabric may be formed into any 
shape or conformation that will facilitate its use in the 
methods of the invention. For example, the collagen bio 
fabric can be formed in any shape or conformation that will 
facilitate the healing of a leg ulcer, e.g., a venous leg ulcer. 
For example, the collagen biofabric may be cut to various 
sizes so as to cover typical leg ulcers completely. The 
collagen biofabric may also be provided in various sizes so 
as to enable a physician, or other end user, to use or to cut 
an appropriately-sized piece for treatment of a leg ulcer, e.g., 
a venous leg ulcer. The collagen biofabric may be cut to a 
square, rectangular or oval shaped pieces, for example, or 
may be cut to conform to the shape of a particular ulcer on 
a particular patient. In various embodiments of the method, 
collagen biofabric pieces used to treat a leg ulcer, particu 
larly a venous leg ulcer, may be approximately 1x1 cm, 
1.5x1.5 cm, 2x2 cm, 2.5x2.5 cm, 3x3 cm, 3.5x3.5 cm, 4x4 
cm, 4.5x4.5 cm, 5x5 cm, 1x1.5 cm, 1x2 cm, 1x2.5 cm, 1x3 
cm, 1x3.5 cm, 1X4 cm, 1x4.5 cm, 1 X5 cm, 1.5x2 cm, 
1.5x2.5 cm, 1.5x3 cm, 1.5x3.5 cm, 1.5x4 cm, 1.5x4.5 cm, 
2x2.5 cm, 2x3 cm, 2x3.5 cm, 2x4 cm, 2x4.5 cm, 2x5 cm, 
2.5x3 cm, 2.5x3.5 cm, 2.5x4 cm, 2.5x4.5 cm, 2.5x5 cm, 
3x3.5 cm, 3x4 cm, 3x4.5 cm, 3x5 cm, 3.5x4 cm, 3.5x4.5 
cm, 3.5x5 cm, 4x4.5 cm, 4x5 cm, 4.5x5 cm in size, or up to 
6x8 cm in size, or may be no smaller, or no larger, than 1x1 
cm, 1.5x1.5 cm, 2x2 cm, 2.5x2.5 cm, 3x3 cm, 3.5x3.5 cm, 
4x4 cm, 4.5x4.5 cm, 5x5 cm, 1x1.5 cm, 1x2 cm, 1x2.5 cm, 
1x3 cm, 1x3.5 cm, 1x4 cm, 1x4.5 cm, 1x5 cm, 1.5x2 cm, 
1.5x2.5 cm, 1.5x3 cm, 1.5x3.5 cm, 1.5x4 cm, 1.5x4.5 cm, 
2x2.5 cm, 2x3 cm, 2x3.5 cm, 2x4 cm, 2x4.5 cm, 2x5 cm, 
2.5x3 cm, 2.5x3.5 cm, 2.5x4 cm, 2.5x4.5 cm, 2.5x5 cm, 
3x3.5 cm, 3x4 cm, 3x4.5 cm, 3x5 cm, 3.5x4 cm, 3.5x4.5 
cm, 3.5x5 cm, 4x4.5 cm, 4x5 cm, or 4.5x5 cm, though the 
biofabric may be cut to different dimensions. Further, the 
biofabric used to treat a leg ulcer, particularly a venous leg 
ulcer, may be provided as a sheet from which an end use may 
cut two or more pieces, or may be provided as a roll or strip. 

0201 In one embodiment, the collagen biofabric is pro 
vided in a single sheet to be laid whole on a leg ulcer. In 
another embodiment, the collagen biofabric is provided as a 
mesh, netting or webbing that is capable of being spread out 
across the leg ulcer. In this embodiment, the collagen 
biofabric does not need to completely cover the surface area 
of the leg ulcer, but facilitates ingrowth of epithelial tissue 
along, and adjacent to, the collagen biofabric. Such a mesh, 
netting or webbing may be provided, in one embodiment, as 
a sheet of collagen biofabric containing a plurality of cuts 
enabling the end user to spread the sheet out into a netting, 
webbing or mesh. Such a mesh, netting or webbing may be 
made from a sheet of collagen biofabric by, for example, 
stamping, cutting or slicing, either manually or using a 
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machine. Preferably, the stamping, cutting or slicing is 
performed under sterile conditions. 
0202 The collagen biofabric useful in the treatment 
methods of the invention may be provided to the end user 
either dry, or pre-wetted in a Suitable physiologically-com 
patible, medically-useful liquid, such as a saline Solution. In 
one embodiment, the solution comprises one or more bio 
active compounds, as described in Section 4.2.2, above, 
without limitation. Preferably, said bioactive compound is 
disposed onto or within the collagen biofabric such that the 
majority of the bioactive compound contacts the leg ulcer 
during the time the collagen biofabric contacts the leg ulcer. 
0203. In another embodiment, the collagen biofabric is 
layered onto a Support. Such a Support may be non-natural, 
Such as a plastic sheet or film, or a cloth woven of non 
natural fibers, or may be natural, such as a cloth woven of 
natural fibers, or a non-collagen biofabric dermal replace 
ment. In one embodiment, the Support is a bandage; in this 
embodiment, the bandage and the collagen biofabric form a 
layered wound covering, with the bandage holding the 
collagen biofabric against the leg ulcer. In another embodi 
ment, a sheet of collagen biofabric comprises a compound or 
material that is able to absorb excess wound exudates. In a 
specific embodiment, the compound or material is a collagen 
gel. In a more specific embodiment, said collagen gel is 
disposed on the fetal side of the collagen biofabric. In 
another more specific embodiment, said collagen gel is 
disposed on the maternal side of the collagen biofabric. In 
another more specific embodiment, said collagen gel is 
disposed on both sides of the collagen biofabric. 
0204 4.2.4 Method of Making Collagen Biofabric 
0205 Collagen biofabric, made from amniotic mem 
brane, chorionic membrane, or both, may be produced by 
any means that preserves the biochemical and structural 
characteristics of the membrane's components—chiefly col 
lagen, elastin, laminin, and fibronectin. A preferred material 
is the collagen biofabric described in, and produced accord 
ing to the methods disclosed in, United States Application 
Publication No. U.S. 2004/0048796 A1, “Collagen Biofab 
ric and Methods of Preparation and Use Therefor” by Hariri, 
which is hereby incorporated herein in its entirety. 
0206 Preferably, the collagen biofabric used to treat a leg 
ulcer is from a human placenta for use in human Subjects, 
though the collagen biofabric may be made from amniotic 
membrane from a non-human mammal. Where the collagen 
biofabric is to be used in a non-human animal, it is preferred 
that the collagen biofabric be derived from a placenta from 
that species of animal 
0207. In a preferred embodiment, the placenta for use in 
the methods of the invention is taken as soon as possible 
after delivery of the newborn. The placenta may be used 
immediately, or may be stored for 2-5 days from the time of 
delivery prior to any further treatment. The placenta is 
typically exsanguinated, that is, drained of the cord blood 
remaining after birth. Preferably, the expectant mother is 
screened prior to the time of birth, using standard techniques 
known to one skilled in the art, for communicable diseases 
including but not limited to, HIV, HBV, HCV, HTLV. 
syphilis, CMV, and other viral pathogens known to contami 
nate placental tissue. 
0208. One exemplary method for preparing a collagen 
biofabric of the invention comprises the following steps: 
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0209 Step I. The umbilical cord is separated from the 
placental disc; optionally, the amniotic membrane is sepa 
rated from the chorionic membrane. In a preferred embodi 
ment, the amniotic membrane is separated from the chori 
onic membrane prior to cutting the placental membrane. 
Following separation of the amniotic membrane from the 
chorionic membrane and placental disc, the umbilical cord 
stump is cut, e.g., with Scissors, and detached from the 
placental disc. The amniotic membrane may then be stored 
in a sterile, preferably buffered, saline solution, such as 0.9% 
sterile NaCl solution. Preferably, the amniotic membrane is 
stored by refrigeration, at a temperature of at least 2°C. 
0210 Step II. The amniotic membrane is substantially 
decellularized; that is, substantially all cellular material and 
cellular debris (e.g., all visible cellular material and cellular 
debris) is removed. Any decellularizing process known to 
one skilled in the art may be used, however, generally the 
process used for decellularizing the amniotic membrane of 
the invention does not disrupt the native conformation of the 
proteins making up the biofabric. “Substantial decellular 
ization of the amniotic membrane preferably removes at 
least 90% of the cells, more preferably removes at least 95% 
of the cells, and most preferably removes at least 99% of the 
cells (e.g., fibroblasts, amniocytes and chorionocytes). The 
amniotic membranes decellularized in accordance with the 
methods of the invention are uniformly thin, with inherent 
thickness variations of between about 2 and about 150 
microns in the dry state, Smooth (as determined by touch) 
and clear in appearance. Decellularization may comprise 
physical scraping, for example, with a sterile cell scraper, in 
combination with rinsing with a sterile solution. The decel 
lularization technique employed should not result in gross 
disruption of the anatomy of the amniotic membrane or alter 
the biomechanical properties of the amniotic membrane. 
Preferably, the decellularization of the amniotic membrane 
comprises use of a detergent-containing solution, Such as 
nonionic detergents, Triton X-100, anionic detergents, 
Sodium dodecyl Sulfate. Any mild anionic detergent, i.e., a 
non-caustic detergent, with a pH of 6 to 8, and low foaming, 
can be used to decellularize the amniotic membrane. In a 
specific embodiment, 0.01-1% deoxycholic acid sodium salt 
monohydrate is used in the decellularization of the amniotic 
membrane. 

0211. It is highly preferable to limit the protease activity 
in preparation of the biofabric. Additives to the lysis, rinse 
and storage Solutions such as metal ion chelators, for 
example 1,10-phenanthroline and ethylenediaminetetraace 
tic acid (EDTA), create an environment unfavorable to many 
proteolytic enzymes. Providing Sub-optimal conditions for 
proteases such as collagenase, assists in protecting amniotic 
membrane components such as collagen from degradation 
during the cell lysis step. Suboptimal conditions for pro 
teases may be achieved by formulating the hypotonic lysis 
Solution to eliminate or limit the amount of calcium and Zinc 
ions available in Solution. Many proteases are active in the 
presence of calcium and Zinc ions and lose much of their 
activity in calcium and Zinc ion free environments. Prefer 
ably, the hypotonic lysis solution will be prepared selecting 
conditions of pH, reduced availability of calcium and Zinc 
ions, presence of metal ion chelators and the use of pro 
teolytic inhibitors specific for collagenase such that the 
solution will optimally lyse the native cells while protecting 
the underlying amniotic membrane from adverse proteolytic 
degradation. For example a hypotonic lysis solution may 
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include a buffered solution of water, pH 5.5 to 8, preferably 
pH 7 to 8, free from calcium and Zinc ions and including a 
metal ion chelator such as EDTA. Additionally, control of 
the temperature and time parameters during the treatment of 
the amniotic membrane with the hypotonic lysis Solution 
may also be employed to limit the activity of proteases. 
0212. It is preferred that the decellularization treatment of 
the amniotic membrane also limits the generation of new 
immunological sites. Since enzymatic degradation of col 
lagen is believed to lead to heightened immunogenicity, the 
invention encompasses treatment of the amniotic membrane 
with enzymes, e.g., nucleases, that are effective in inhibiting 
cellular metabolism, protein production and cell division, 
that minimize proteolysis of the compositions of the amni 
otic membrane thus preserving the underlying architecture 
of the amniotic membrane. Examples of nucleases that can 
be used in accordance with the methods of the invention are 
those effective in digestion of native cell DNA and RNA 
including both exonucleases and endonucleases. A non 
limiting example of nucleases that can be used in accordance 
with the methods of the invention include exonucleases that 
inhibit cellular activity, e.g., DNase I (SIGMA Chemical 
Company, St. Louis, Mo.) and RNase A (SIGMA Chemical 
Company, St. Louis, Mo.) and endonucleases that inhibit 
cellular activity, e.g., EcoRI (SIGMA Chemical Company, 
St. Louis, Mo.) and HindIII (SIGMA Chemical Company, 
St. Louis, Mo.). It is preferable that the selected nucleases 
are applied in a physiological buffer solution which contains 
ions, e.g., magnesium, calcium, which are optimal for the 
activity of the nuclease. Preferably, the ionic concentration 
of the buffered solution, the treatment temperature and the 
length of treatment are selected by one skilled in the art by 
routine experimentation to assure the desired level of 
nuclease activity. The buffer is preferably hypotonic to 
promote access of the nucleases to cell interiors. 
0213. In another embodiment of Steps I and II, above, the 
placenta, after initial processing, is briefly rinsed in Saline to 
remove blood from the placental surface. The placental disk 
is then immersed in a cold deoxycholic acid solution at a 
concentration of about 0.1% to about 10%, and, in a specific 
embodiment, about 0.1% to about 2.0%. The placenta is then 
incubated in this solution at between about 1° C. to about 8° 
C. for about 5 days to about 6 months. In specific embodi 
ments, the placental disk is immersed, for example, for about 
5 to about 15 days; about 5 to about 30 days, about 5 to about 
60 days, or for up to about one year. Typically, the deoxy 
cholic acid solution is replaced during incubation every 2-5 
days. In another specific embodiment, the placental disk is 
immersed in a deoxycholic acid solution at a concentration 
of about 1% at a temperature of 0°C. to about 8°C. for about 
5 days to about 15 days. This incubation serves two pur 
poses. First, it allows time for serological tests to be per 
formed on the placental material and blood, so that placentas 
failing to meet serological criteria are not processed further. 
Second, the longer incubation improves the removal of 
epithelial cells and fibroblasts, which allows for a significant 
reduction in the amount of time spent decellularizing the 
amnion by physically scraping. Typically, the scraping time 
is reduced from, e.g., about 40 minutes to about 20 minutes. 
The amniotic membrane is then dried as described below. 

0214 Step III. Following decellularization, the amniotic 
membrane is washed to assure removal of cellular debris 
which may include cellular proteins, cellular lipids, and 
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cellular nucleic acids, as well as any extracellular debris 
Such as extracellular soluble proteins, lipids and proteogly 
cans. The wash Solution may be de-ionized water or an 
aqueous hypotonic buffer. Preferably, the amniotic mem 
brane is gently agitated for 15-120 minutes in the detergent, 
e.g., on a rocking platform, to assist in the decellularization. 
The amniotic membrane may, after detergent decellulariza 
tion, again be physically decellularized as described above; 
the physical and detergent decellularization steps may be 
repeated as necessary, as long as the integrity of the amniotic 
membrane is maintained, until no visible cellular material 
and cellular debris remain. 

0215. In certain embodiments, the amniotic membrane is 
dried immediately (i.e., within 30 minutes) after the decel 
lularization and washing steps. Alternatively, when further 
processing is not done immediately, the amniotic membrane 
may be refrigerated, e.g., stored at a temperature of about 1° 
C. to about 20° C., preferably from about 2°C. to about 8° 
C., for up to 28 days prior to drying. When the decellularized 
amniotic membrane is stored for more than three days but 
less than 28 days, the sterile solution covering the amniotic 
membrane is preferably changed periodically, e.g., every 1-3 
days. 

0216) In certain embodiments, when the amniotic mem 
brane is not refrigerated after washing, the amniotic mem 
brane is washed at least 3 times prior to proceeding to Step 
IV of the preparation. In other embodiments, when the 
amniotic membrane has been refrigerated and the sterile 
Solution has been changed once, the amniotic membrane is 
washed at least twice prior to proceeding to Step 1 V of the 
preparation. In yet other embodiments, when the amniotic 
membrane has been refrigerated and the sterile solution has 
been changed twice or more, the amniotic membrane is 
washed at least once prior to proceeding to Step IV of the 
preparation. 

0217 Prior to proceeding to Step IV, it is preferred that all 
bacteriological and serological testing be assessed to ensure 
that all tests are negative. 
0218 Step IV. The final step in this embodiment of the 
method of collagen biofabric production comprises drying 
the decellularized amniotic membrane of the invention to 
produce the collagen biofabric. Any method of drying the 
amniotic membrane So as to produce a flat, dry sheet of 
collagen may be used. Preferably, however, the amniotic 
membrane is dried under vacuum. 

0219. In a specific embodiment, an exemplary method for 
drying the decellularized amniotic membrane of the inven 
tion comprises the following steps: 

0220 Assembly of the decellularized amniotic mem 
brane for drying. The decellularized amniotic membrane is 
removed from the sterile solution, and the excess fluid is 
gently Squeezed out. The decellularized amniotic membrane 
is then gently stretched until it is flat with the fetal side faced 
in a downward position, e.g., on a tray. The decellularized 
amniotic membrane is then flipped over so that fetal side is 
facing upwards, and placed on a drying frame, preferably a 
plastic mesh drying frame (e.g., Quick Count(R) Plastic 
Canvas, Uniek, Inc., Waunakee, Wis.). In other embodi 
ments, the drying frame may be any autoclavable material, 
including but not limited to a stainless steel mesh. In a most 
preferred embodiment, about 0.5 centimeter of the amniotic 
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membrane overlaps the edges of the drying frame. In certain 
embodiments, the overlapping amniotic membrane extend 
ing beyond the drying frame is wrapped over the top of the 
frame, e.g., using a clamp or a hemostat. Once the amniotic 
membrane is positioned on the drying frame, a sterile gauze 
is placed on the drying platform of a heat dryer (or gel-dryer) 
(e.g., Model 583, Bio-Rad Laboratories, 200 Alfred Nobel 
Drive, Hercules, Calif. 94547), so that an area slightly larger 
than the amniotic membrane resting on the plastic mesh 
drying frame is covered. Preferably, the total thickness of the 
gauze layer does not exceed the thickness of one folded 4x4 
gauze. Any heat drying apparatus may be used that is 
suitable for drying sheet like material. The drying frame is 
placed on top of the gauze on the drying platform so that the 
edges of the plastic frame extend above beyond the gauze 
edges, preferably between 0.1-1.0 cm, more preferably 
0.5-1.0 cm. In a most preferred embodiment, the drying 
frame having the amniotic membrane is placed on top of the 
sterile gauze with the fetal side of the amniotic membrane 
facing upward. In some embodiments, another plastic fram 
ing mesh is placed on top of the amniotic membrane. A view 
of the mesh frame and the membrane dried therein is shown 
in FIG. 4. In another embodiments, a sheet of thin plastic 
(e.g., SW 182, clear PVC, AEP Industries Inc., South 
Hackensack, N.J. 07606) or a biocompatible silicone is 
placed on top of the membrane covered mesh so that the 
sheet extends well beyond all of the edges. In this embodi 
ment, the second mesh frame is not needed. 
0221. In an alternative embodiment, the amniotic mem 
brane is placed one or more sterile sheets of Tyvek R. 
material (e.g., a sheet of Tyvek R for medical packaging, 
Dupont Tyvek R, P.O. Box 80705, Wilmington, Del. 19880 
0705), optionally, with one sheet of Tyvek R) on top of the 
membrane (prior to placing the plastic film). This alternate 
process will produce a smoother version of the biofabric 
(i.e., without the pattern of differential fiber compression 
regions along and perpendicular to the axis of the material), 
which may be advantageous for certain applications, such as 
for example for use as a matrix for expansion of cells. 
0222 Drying the amniotic membrane. In a preferred 
embodiment, the invention encompasses heat drying the 
amniotic membrane of the invention under vacuum. While 
the drying under vacuum may be accomplished at any 
temperature from about 0°C. to about 60° C., the amniotic 
membrane is preferably dried at between about 35° C. and 
about 50° C., and most preferably at about 50° C. It should 
be noted that some degradation of the collagen is to be 
expected at temperatures above 50° C. The drying tempera 
ture is preferably set and verified using a calibrated digital 
thermometer using an extended probe. Preferably, the 
vacuum pressure is set to about -22 inches of Hg. The 
drying step is continued until the collagen matrix of the 
amniotic membrane is Substantially dry, that is, contains less 
than 20% water by weight, and preferably, about 3-12% 
water by weight as determined for example by a moisture 
analyzer. To accomplish this, the amniotic membrane may 
be heat-vacuum dried, e.g., for approximately 60 minutes to 
achieve a dehydrated amniotic membrane. In some embodi 
ments, the amniotic membrane is dried for about 30 minutes 
to 2 hours, preferably about 60 minutes. Although not 
intending to be bound by any mechanism of action, it is 
believed that the low heat setting coupled with vacuum 
pressure allows the amniotic membrane to achieve the 
dehydrated State without denaturing the collagen. 
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0223. After completion of the drying process in accor 
dance with the invention, the amniotic membrane is cooled 
down for approximately two minutes with the vacuum pump 
running. 

0224 Packaging and Storing of the Amniotic Membrane. 
Once the amniotic membrane is dried, the membrane is 
gently lifted off the drying frame. “Lifting off the mem 
brane may comprise the following steps: while the pump is 
still running, the plastic film is gently removed from the 
amniotic membrane starting at the corner, while holding the 
amniotic membrane down; the frame with the amniotic 
membrane is lifted off the drying platform and placed on a 
cutting board with the amniotic membrane side facing 
upward; an incision is made, cutting along the edge 1-2 mm 
away from the edge of the frame; the amniotic membrane is 
then peeled off the frame. Preferably, handling of the amni 
otic membrane at this stage is done with sterile gloves. 
0225. The amniotic membrane is placed in a sterile 
container, e.g., peel pouch, and is sealed. The biofabric 
produced in accordance with the methods of the invention 
may be stored at room temperature for an extended period of 
time as described Supra. 
0226. In alternative embodiments, the invention provides 
a method of preparing a collagen biofabric comprising a 
chorionic membrane, or both a chorionic membrane and an 
amniotic membrane. It is expected that the methods 
described above would be applicable to the method of 
preparing a biofabric comprising a chorionic membrane, or 
both a chorionic membrane and an amniotic membrane. In 
one embodiment, the invention encompasses the use of a 
collagen biofabric prepared by providing a placenta com 
prising an amniotic membrane and a chorionic membrane; 
separating the amniotic membrane from the chorionic mem 
brane; and decellularizing the chorionic membrane. In a 
specific embodiment, the method further entails washing 
and drying the decellularized chorionic membrane. In 
another embodiment, the invention encompasses the use of 
a collagen biofabric prepared by providing a placenta com 
prising an amniotic membrane and a chorionic membrane, 
and decellularizing the amniotic and chorionic membranes. 
In a specific embodiment, the method further entails wash 
ing and drying the decellularized amniotic and chorionic 
membranes. 

0227 4.2.5 Storage And Handling Of Collagen Biofabric 
0228 Dehydrated collagen biofabric may be stored, e.g., 
as dehydrated sheets, at room temperature (e.g., 25°C.) prior 
to use. In certain embodiments, the collagen biofabric can be 
stored at a temperature of at least 10°C., at least 15° C., at 
least 20° C., at least 25°C., or at least 29° C. Preferably, 
collagen biofabric, in dehydrated form, is not refrigerated. In 
Some embodiments, the collagen biofabric may be refriger 
ated at a temperature of about 2° C. to about 8° C. The 
biofabric produced according to the methods of the inven 
tion can be stored at any of the specified temperatures for 12 
months or more with no alteration in biochemical or struc 
tural integrity (e.g., no degradation), without any alteration 
of the biochemical or biophysical properties of the collagen 
biofabric. The biofabric can be stored for several years with 
no alteration in biochemical or structural integrity (e.g., no 
degradation), without any alteration of the biochemical or 
biophysical properties of the collagen biofabric. The bio 
fabric may be stored in any container Suitable for long-term 
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storage. Preferably, the collagen biofabric of the invention is 
stored in a sterile double peel-pouch package. 
0229. The collagen biofabric may be hydrated prior to 
use. The collagen biofabric can be rehydrated using, e.g., a 
sterile physiological buffer. In a specific embodiment, the 
sterile saline solution is a 0.9% NaCl solution. In some 
embodiments the sterile saline solution is buffered. In certain 
embodiments, the hydration of the collagen biofabric of the 
invention requires at least 2 minutes, at least 5 minutes, at 
least 10 minutes, at least 15 minutes, or at least 20 minutes. 
In a preferred embodiment, the hydration of the collagen 
biofabric of the invention is complete within 5 minutes. In 
yet another preferred embodiment, the hydration of the 
collagen biofabric of the invention is complete within 10 
minutes. In yet another embodiment, the hydration of the 
collagen biofabric of the invention takes no more than 10 
minutes. Once hydrated, the collagen biofabric may be 
maintained in solution, e.g., sterile 0.9% NaCl solution, for 
up to six months, with a change of solution, e.g., every three 
days. 

0230 4.2.6 Sterilization 
0231 Sterilization of the biofabric may be accomplished 
by any medically-appropriate means, preferably means that 
do not significantly alter the tertiary and quaternary structure 
of the amniotic membrane proteins. Sterilization may be 
accomplished, for example, using gas, e.g., ethylene diox 
ide. Sterilization may be accomplished using radiation, for 
example, gamma radiation, and is preferably done by elec 
tron beam irradiation using methods known to one skilled in 
the art, e.g., Gorham, D. Byrom (ed.), 1991, Biomaterials, 
Stockton Press, New York, 55-122. Any dose of radiation 
sufficient to kill at least 99.9% of bacteria or other poten 
tially contaminating organisms is within the scope of the 
invention. In a preferred embodiment, a dose of at least 
18-25 kGy is used to achieve the terminal sterilization of the 
biofabric. 

0232 4.2.7 Laminates 
0233. The collagen biofabric may be laminated to pro 
vide greater stiffness and durability during the healing 
process (typically about three months). The collagen bio 
fabric may be laminated as follows. 
0234 Collagen biofabric is typically laminated by stack 
ing 2 or more layers of collagen biofabric one atop the other 
and sealing or drying. The collagen biofabric may be lami 
nated either dry or after rehydration. Alternatively, two or 
more layers of, e.g., amniotic membrane may be laminated 
prior to initial drying after cell removal, e.g., via a cell 
scraping step (see Examples, below). If laminated prior to 
the initial drying, 2 or more collagen biofabric layers may be 
stacked one atop the other and Subsequently dried, using, for 
example, a freeze-drying process, or drying under moderate 
heat with or without vacuum. The heat applied preferably is 
not so intense as to cause breakdown or decomposition of 
the protein components, especially the collagen, of the 
collagen biofabric. Typically, the heat applied is no more 
than about 70° C., preferably no more than about 60° C. 
and, more preferably, is approximately 50° C. Lamination 
time varies with, e.g., the number of layers being laminated, 
but typically takes 1-2 hours at 50° C. for the size pieces of 
collagen biofabric used for tympanic membrane repair. 
Preferably, the collagen biofabric laminate comprises 2-6 
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layers of collagen biofabric. In one preferred embodiment, 
the collagen biofabric laminate has two layers and is 
approximately 50 micrometers in thickness. In another 
embodiment, the collagen biofabric laminate has two layers 
and has a thickness of about 20-60 microns. Preferably, each 
of the layers is from the same collagen biofabric lot, that is, 
the same placenta. 

0235. The collagen biofabric may also be laminated using 
an adhesive applied between 2 or more layers of collagen 
biofabric or amniotic membrane. Such an adhesive is pref 
erably appropriate for medical applications, and can com 
prise a natural biological adhesive, for example fibrin glue, 
a synthetic adhesive, or combinations thereof. The adhesive 
may further be chemically converted from precursors during 
the lamination process. 

0236 4.2.8 Stem Cells 
0237) The collagen biofabric used in the treatment meth 
ods described herein may also comprise stem or progenitor 
cells. Preferably, the collagen biofabric comprises mesen 
chymal or mesenchymal-like stem cells, for example, those 
described in U.S. Pat. Nos. 5,486,359, 6,261,549 and 6,387, 
367, or placenta-derived stem cells such as those described 
in U.S. Pat. No. 7,045,148 or in U.S. Application Publication 
Nos. 2003/0032179 and 2003/0180269. However, the col 
lagen biofabric may comprise stem or progenitor cells, 
preferably mammalian stem or progenitor cells, from any 
tissue source. The collagen biofabric may comprise embry 
onic stem cells or embryonic germ cells. 

0238. The combination of collagen biofabric and stem or 
progenitor cells may be accomplished prior to or during 
application of the collagen biofabric to the leg ulcer. For 
example, a sheet or piece of collagen biofabric may be 
prepared immediately prior to application on the venous leg 
ulcer by disposing on the Surface of the collagen biofabric a 
Solution of stem or progenitor cells and allowing the stem or 
progenitor cells Sufficient time to attach to the collagen 
biofabric. The stem or progenitor cells, alternately, may be 
disposed onto the surface of the collagen biofabric 30 
minutes, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 12, 14, 16, 18, 20, 22, 
24 or more hours prior to application of the collagen 
biofabric onto the leg ulcer. The number of stem or pro 
genitor cells disposed onto the Surface of the collagen 
biofabric may vary, but may be at least 1x10', 3x10, 1x10, 
3x107, 1x10, 3x10, 1x10, 3x10, 1x10', 3x109, 
1x10', 3x10', or 1x10'; or may be no more than 1x10, 
3x10, 1x107, 3x107, 1x10, 3x10, 1x10, 3x10, 1x10', 
3x10', 1x10', 3x10', or 1x10' stem or progenitor cells. 
Alternatively, in another embodiment, the stem or progenitor 
cells, in the number indicated above, may be disposed on the 
surface of the collagen biofabric after the collagen biofabric 
has been applied to the leg ulcer. In another embodiment, the 
stem cells are applied directly to the leg ulcer in any of the 
amounts indicated above, and the leg ulcer is covered with 
the collagen biofabric. In a more specific embodiment, the 
stem cells are applied in a physiologically-acceptable liquid, 
Such as a saline solution, or embedded in a physiologically 
acceptable gel. Such as a hydrogel, in which the stem or 
progenitor cells may be maintained and migrate through. 
The stem cells, prior to or after contacting with the leg ulcer, 
may be contacted with one or more differentiation-modu 
lating agents, for example, the differentiation-modulating 
agents described in U.S. Application Publication Nos. 2003/ 
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0235909, 2004/0028660, or International Application Pub 
lication No. WO 03/087333. Methods of differentiating stem 
cells to, for example, epidermal, mesodermal, and other cell 
types are known in the art, and are described, e.g., in U.S. 
Application Publication No. 2004/0028660. 
0239 4.3 Kits 
0240 Collagen biofabric, useful for the methods of leg 
ulcer treatment of the present invention may be provided in 
a wrapping or container as part of a kit for the facilitation of 
the treatment of leg ulcers. In a specific embodiment, the 
collagen biofabric is provided an a sterile double-peel pack 
age. In a more specific embodiment, the collagen biofabric 
is about 6x8 cm. The kit may comprise one or more pieces 
of collagen biofabric and any other medical device, dispos 
able or drug that would facilitate treatment of a leg ulcer. 
Preferably, each piece of the collagen biofabric in the kit is 
provided as a single sheet or patch in a sterile container or 
wrapping separate from the remainder of kit contents. In 
another embodiment, the kit comprises two or more pieces 
of collagen biofabric, separately wrapped or contained. In 
another embodiment, said kit comprises a Support for the 
collagen biofabric. In specific embodiments, the Support 
may be a natural or a synthetic material. In other specific 
embodiments, said Support is a plastic film, plastic sheet, or 
a stretchable plastic wrap. In another embodiment, said kit 
comprises one or more disposables. In a specific embodi 
ment, said disposables are bandages, means for Sterilizing 
the skin Surrounding a leg ulcer, Swabs, gloves, or sterile 
sheets. In another embodiment, said kit comprises an anti 
infective agent. In a specific embodiment, the anti-infective 
agent is an antibiotic ointment, cream, or spray. In another 
embodiment, said kit comprises a piece of collagen biofabric 
and one or more wound healing agents. In a specific embodi 
ment, said wound healing agent is PDGF, TGF, hyaluronic 
acid, fibrin, or fibronectin. In another embodiment, said kit 
comprises collagen biofabric and a means for applying 
compression to the lower leg. In a specific embodiment, of 
any of the kits above, the kit comprises an instruction sheet 
Suitable for use by a non-medical end user; an instruction 
sheet Suitable for use by an end user in a medical profession; 
or a materials safety data sheet; or a combination thereof. 

5. EXAMPLES 

5.1 Example 1 

Method Of Making Collagen Biofabric 
0241 Materials 
0242. The following materials were used in preparation 
of the collagen biofabric. 
Materials/Equipment 

0243 Copy of Delivery Record 
0244 Copy of Material/Family Health History/In 
formed Consent 

0245 Source Bar Code Label (Donor ID number) 
0246 Collection it (A sequential number is assigned to 
incoming material) 

0247 Tissue Processing Record (Document ID #ANT 
19F); a detailed record of processing of each lot num 
ber is maintained 
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0248 Human Placenta (less than 48 hours old at the 
start of processing) 

0249 Sterile Surgical Clamps/Hemostats 
0250) Sterile Scissors 
0251 Sterile Scalpels 
0252) Sterile Steri-Wrap sheets 
0253) Sterile Cell Scraper (Nalgene NUNC Int. 
R0896) 

0254 Sterile Gauze (non-sterile PSS 4416, sterilized) 
0255 Sterile Rinsing Stainless Steel Trays 
0256 Disinfected Processing Stainless Steel Trays 
0257 Disinfected Plastic Bin 
0258 Sterile 0.9% NaCl Solution (Baxter 2F7124) 
0259 Sterile Water (Milli Q plus 09.195 or Baxter 
2F7113) 

0260 Sterile Specimen Containers (VWR 15704-014) 
0261 Personal Protective Equipment (including sterile 
and non-sterile gloves) 

0262 Certified Clean Room 
0263 Previously Prepared Decellularizing Solution y p 9. 
(D-cell); 0.01-1% deoxycholic acid sodium monohy 
drate 

0264 Disinfected Bin 
0265 Rocking Platform (VWR Model 100) 
0266 Timer (VWR 21376890) 
0267 Disinfected Plastic Frame Mesh 
0268 PVC Wrap Film 
0269) Vacuum Pump (Schuco-Vac 5711-130) 
0270 Gel Dryer (i.e., heat dryer: BioRad Model 583) 
0271 Disinfected Stainless Steel Cutting Board 
0272 Pouches for Packaging 
0273 Sterile Stainless Steel Ruler (General Tools 
MFG. Co 1201) 

0274 Traceable Digital Thermometer (Model 61161 
364, Control Company) 

0275 Accu-Seal Automatic Sealer (Accu-Seal, Model 
630-1B6) 

0276. The expectant mother was screened at the time of 
birth for communicable diseases such as HIV, HBV, HCV. 
HTLV, syphilis, CMV and other viral and bacterial patho 
gens that could contaminate the placental tissues being 
collected. Only tissues collected from donors whose mothers 
tested negative or non-reactive to the above-mentioned 
pathogens were used to produce the collagen biofabric. 
0277 Following normal birth, the placenta, umbilical 
cord and umbilical cord blood were spontaneously expelled 
from the contracting uterus. The placenta, umbilical cord, 
and umbilical cord blood were collected following birth. The 
materials were transported to the laboratory where they were 
processed under aseptic conditions in a Clean room having 
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a HEPA filtration system, which was turned on at least one 
hour prior to processing. Gloves (sterile or non-sterile, as 
appropriate) were worn at all times while handling the 
product. All unused (waste) segments of the amnion/chorion 
and contaminated liquids generated during tissue processing 
were disposed of as soon as feasible. 

0278 Step I. 

0279 A sterile field was set up with sterile Steri-Wrap 
sheets and the following instruments and accessories for 
processing were placed on it. 

0280 sterile tray pack 

0281 sterile Cell Scraper 

0282) sterile scalpel 

0283 disinfected processing tray 

0284 Sterile pack ID it was recorded in the Processing 
Record. 

0285) The placenta was removed from the transport con 
tainer and placed onto the disinfected Stainless Steel tray. 
Using Surgical clamps and Scissors, the umbilical cord was 
cut off approximately 2 inches from the placental disc. The 
umbilical cord was placed into a separate Sterile container 
for further processing. The container was labeled with 
Tissue ID Bar Code; and the material and storage solution(s) 
present (e.g., type of media) were identified. In some cases, 
the umbilical cord was discarded if not requested for other 
projects. 

0286 Starting from the edge of the placental membrane, 
the amnion was separated from the chorion using blunt 
dissection with fingers. This was done prior to cutting the 
membrane. 

0287. After the amnion was separated from the entire 
Surface of the chorion and placental disc, the amniotic 
membrane was cut around the umbilical cord stump with 
Scissors and detached from the placental disc. In some 
instances, if the separation of the amnion and chorion was 
not possible without tearing the tissue, the amnion and 
chorion were cut from the placental disc as one piece and 
then peeled apart. 

0288 The chorion was placed into a separate specimen 
container to be utilized for other projects. The container was 
labeled with the Tissue ID Bar Code, the material and 
storage solution(s) present (e.g., type of media) were iden 
tified, initialed and dated. 

0289. If any piece of amnion was still attached to the 
placental disc it was peeled from the disc and cutting off 
around the umbilical cord with scissors. The placenta was 
placed back into the transport container to be utilized for 
other projects. 

0290 The appropriate data was recorded in the Tissue 
Processing Record. 

0291. The amniotic membrane was kept in the tray with 
sterile 0.9% NaCl solution. Preferably, the amniotic mem 
brane is stored by refrigeration for a maximum of 72 hours 
from the time of delivery prior to the next step in the process. 
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0292 Step II. 
0293. The amniotic membrane was removed from the 
specimen container one piece at a time and placed onto the 
disinfected stainless steel tray. Other pieces were placed into 
a separate sterile stainless steel tray filled with sterile water 
until they were ready to be cleaned. Extra pieces of amnion 
from the processing tray were removed and placed in a 
separate rinsing stainless steel tray filled with sterile water. 
0294 The amniotic membrane was rinsed with sterile 
water if grossly contaminated with blood maternal or fetal 
fluids/materials changing sterile water as needed. 
0295) The amniotic membrane was placed on the pro 
cessing tray with the maternal side facing upward. Using a 
sterile Cell Scraper, as much as possible of visible contami 
nation and cellular material from the maternal side of the 
amnion was carefully removed. (Note: minimal pressure 
should be applied for this step to prevent tearing the mem 
brane). Sterile water was used to aid in the removal of cells 
and cellular debris. The amniotic membrane was further 
rinsed with sterile water in the separate sterile stainless steel 
rinsing tray. 
0296. The amniotic membrane was turned over so that 
the fetal side was facing upward and placed back on the 
processing tray and rinsed with sterile water. Visible cellular 
material and debris using the Cell Scraper was gently 
removed (Note: minimal pressure should be applied for this 
step to prevent tearing the membrane). Sterile water was 
used to aid in the removal of cells and cellular debris. 

0297. The amniotic membrane was rinsed with sterile 
water in between cleaning rounds in separate sterile rinsing 
trays. The tissue was cleaned as many times (cleaning 
rounds) as necessary to remove most if not all of visible 
cellular material and debris from both sides of the mem 
brane. The sterile water was changed in the rinsing trays in 
between rinses. 

0298 The processing tray was rinsed with sterile water 
after each cleaning round. 
0299 All other pieces of amnion were processed in the 
same manner and placed into the same container. Tissue Id 
Bar Code was affixed, the material and storage solution(s) 
present (e.g., type of media) were identified, initials date 
were added. 

0300. The appropriate information and the date were 
recorded in the Tissue Processing Record. 
0301 Step III. 
0302) The amniotic membrane was removed from the 
rinsing tray, (or from storage container) excess fluid was 
gently Squeezed out with fingers and the membrane was 
placed into the sterile specimen container. The container was 
filled up to the 150 ml mark with D-cell solution ensuring 
that all of the amniotic membrane was covered and the 
container was closed. 

0303. The container was placed in the bin on the rocking 
platform. The rocking platform was turned on and the 
membrane was agitated in D-cell Solution for a minimum of 
15 minutes and a maximum of 120 minutes at Setting #6. 
0304) A new sterile field was set up with new sterile 
instruments and disinfected tray in a same manner as in the 
Step I. Sterile pack ID it was recorded in the Processing 
Record. 
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0305 After agitation was completed, the rocking plat 
form was turned off and the membrane was removed from 
the container. The membrane was placed into a new sterile 
stainless steel processing tray. Sterile 0.9% NaCl solution 
was added to cover the bottom of the tray. 
0306 Using a new sterile Cell Scraper, residual D-cell 
and cellular material (if any) was removed from both sides 
of the tissue. This step was repeated as many times as needed 
to remove as much as possible of visible residual cellular 
material from the entire surface on both sides. The mem 
brane was rinsed with sterile 0.9% NaCl solution in a 
separate rinsing tray in between cleaning rounds. The sterile 
0.9% NaCl solution was changed in the rinsing trays in 
between rinses. 

0307 After the last cleaning round was completed, the 
membrane was rinsed with sterile 0.9% NaCl solution and 
placed into the new sterile specimen container filled with 
Sterile 0.9% NaCl Solution. 

0308 All remaining pieces of amniotic membrane were 
processed in exactly the same manner. 
0309 When all amniotic membrane pieces were pro 
cessed and in the container with the sterile 0.9% NaCl 
Solution, the container was placed in the bin on the rocking 
platform to agitate for a minimum of 5 minutes at setting #6. 
After agitation was completed, the membrane was removed 
from the specimen container, the sterile 0.9% NaCl solution 
was changed in the container and the membrane was placed 
back into the specimen container. 
0310. The specimen container was labeled with TissueID 
Bar Code and Quarantine label. The material and storage 
Solution(s) present (e.g., type of media) were identified, 
initialed and dated. The specimen container was placed into 
a clean Zip-lock bag and placed in the refrigerator (2-8°C.). 
0311 All appropriate data was recorded in the Tissue 
Processing Record. 
0312. When serology results became available, the 
appropriate label (Serology Negative or For Research Use 
Only) was placed on the top of the Quarantine label and 
those containers were segregated from Quarantined ones. 
0313) Step IV. 
0314 Before proceeding with Step IV, the Tissue Status 
Review was checked to make sure all applicable test results 
were negative. 
0315) A sterile field was set up with sterile Steri-Wrap 
sheet and all sterile and disinfected instruments and acces 
sories were set up in the same manner as in Steps II and III. 
0316 The membrane was removed from the refrigerator 
and placed into a new sterile stainless steel processing tray. 
Sterile 0.9% NaCl solution was added to cover the bottom 
of the tray. 
0317 All visible cellular material and debris (if any) was 
gently removed using a new sterile Cell Scraper (Note: 
minimal pressure should be applied for this step to prevent 
tearing the membrane). Sterile 0.9% NaCl solution was used 
to aid in removal of the cells and debris. 

0318. The membrane was rinsed in the separate sterile 
stainless steel rinsing tray filled with the sterile 0.9% NaCl 
Solution. 0.9% NaCl Solution was changed in between 
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cleaning rounds. The membrane was placed into a new 
sterile specimen container, the container was filled with 
fresh sterile 0.9% NaCl solution and placed on the rocking 
platform for agitation for a minimum of 5 minutes at Setting 
H6. 

0319. The previous step was repeated 3 times and the 
sterile 0.9% NaCl solution was changed in between each 
agitation. Appropriate data was recorded in the Tissue Pro 
cessing Record. 

0320 The membrane was removed from the specimen 
container one piece at a time, excess fluid was gently 
Squeezed out with fingers and the membrane was placed 
onto a sterile processing tray. The membrane was gently 
stretched until flat; ensuring it was fetal side down. 
0321) The frame was prepared by cutting the disinfected 
plastic sheet with sterile scissors. The size of the frame 
should be approximately 0.5 cm smaller in each direction 
than the membrane segment. The frame was rinsed in the 
rinsing tray filled with sterile 0.9% NaCl solution. 

0322 The frame was placed on the slightly stretched 
membrane Surface and pressed on it gently. It is imperative 
that the smooth side of the plastic frame faces the tissue. 
0323. Using a scalpel, the membrane was cut around the 
frame leaving approximately 0.5 cm extending beyond 
frame edges. The excess membrane was placed back into the 
specimen container 

0324. The membrane edges that are extended beyond the 
frame were wrapped over the edges of the frame using 
clamps or tweezers and put aside on the same tray. 

0325 The next piece of membrane was processed in the 
same manner. It is preferred that the total area to be dried 
does not exceed 300 cm perheat dryer. While framing out 
the piece of membrane, it is preferred that the non-framed 
pieces remain in the container in sterile 0.9% NaCl solution. 
0326. The drying temperatures of dryers were set and 
verified using a calibrated digital thermometer with 
extended probe. The drying temperature was set at 50° C. 
The data was recorded in the Tissue Processing Record. 

0327. The vacuum pump was turned on. 
0328. A sterile gauze was placed on the drying platform 
of the heat dryer, covering an area slightly larger than the 
area of the framed membrane. It is important to make Sure 
that the total thickness of the gauze layer does not exceed 
thickness of one folded 4x4 gauze. 

0329. One sheet of plastic framing mesh was placed on 
top of the gauze. The plastic mesh edges should extend 
approximately 0.5-1.0 cm beyond gauze edges. 

0330. The framed membrane was gently lifted and placed 
on the heat dryer platform on top of the plastic mesh with the 
membrane side facing upward. This was repeated until the 
maximum amount of membrane (without exceeding 300 
cm) was on the heat dryer platform. (NOTE: fetal side of 
the amnion is facing up). 

0331 A piece of PVC wrap film was cut large enough to 
cover the entire drying platform of the heat dryer plus an 
extra foot. 
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0332 With the vacuum pump running, the entire drying 
platform of the heat dryer was gently covered with the 
plastic film leaving/1:2 foot extending beyond drying plat 
form edges on both sides. Care was taken that the film pull 
tightly against the membrane and frame sheet (i.e., it is 
"sucked in” by the vacuum) and that there were no air leaks 
and no wrinkles over the tissue area). The lid was subse 
quently closed. 

0333. The vacuum pump was set to approximately -22 
inches Hg of vacuum. The pump gage was recorded after 2-3 
min of drying cycle. The membrane was heat vacuum dried 
for approximately 60 minutes. Approximately 15-30 min 
utes into the drying process, the sterile gauze layer was 
replaced in the heat dryer with a new one. The total thickness 
of the gauze layer must not exceed thickness of one folded 
4x4 gauze. 

0334. After the change, care was taken so that the plastic 
film pulled tightly against the membrane and the frame sheet 
and there were no air leaks and no wrinkles over the 
membrane area. 

0335 The integrity of the vacuum seal was periodically 
checked by checking the pump pressure manometer. After 
completion of the drying process, the heat dryer was opened 
and the membrane was cooled down for approximately two 
minutes with the pump running. 

0336 A new sterile field was set up with sterile Steri 
wrap and disinfected Stainless steel cutting board underneath 
it. As this point sterile gloves were used. With the pump still 
running, the plastic film was gently removed from the 
membrane sheet starting at the corner and holding the 
membrane sheet down with a gloved hand. The frame was 
gently lifted with the membrane off the drying platform and 
placed on the sterile field on the top of the disinfected 
stainless steel cutting board with the membrane side facing 
upward. Using a scalpel, the membrane sheet was cut 
through making an incision along the edge 1-2 mm away 
from the edge of the frame. The membrane was held in place 
with a gloved (sterile glove) hand. Gently the membrane 
sheet was lifted off of the frame by peeling it off slowly and 
then placed on the sterile field on the cutting board. 

0337 Using scalpel or sharp scissors, the membrane 
sheet was cut into segments of specified size. All pieces were 
cut and secured on the sterile field before packaging. A 
single piece of membrane was placed inside the inner 
peel-pouch package with one hand (sterile) while holding 
the pouch with another hand (non-sterile). Care was taken 
not to touch pouches with sterile hand. After all pieces 
were inside the inner pouches they were sealed. A label was 
affixed with the appropriate information (e.g., Part it, Lot it, 
etc.) in the designated area on the outside of the pouch. All 
pieces of membrane were processed in the same manner. 
The labeled and sealed peel-pouch packages were placed in 
the waterproof Zip-lock bag for storage until they were ready 
to be shipped to the sterilization facility or distributor. All 
appropriate data were recorded on the Tissue Processing 
Record. 
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5.2 EXAMPLE 2 

Alternative Method 

0338) Of Making Collagen Biofabric 
0339. A placenta is prepared substantially as described in 
Step I of Example 1 using the Materials in that Example. An 
expectant mother is screened at the time of birth for com 
municable diseases such as HIV. HBV, HCV. HTLV. syphi 
lis, CMV and other viral and bacterial pathogens that could 
contaminate the placental tissues being collected. Only 
tissues collected from donors whose mothers tested negative 
or non-reactive to the above-mentioned pathogens are used 
to produce the collagen biofabric. 
0340. A sterile field is set up with sterile Steri-Wrap 
sheets and the following instruments and accessories for 
processing were placed on it: Sterile tray pack; rinsing tray, 
stainless steel cup, clamp?hemostats, tweezers, Scissors, 
gallZe. 

0341 The placenta is removed from the transport con 
tainer and placed onto a disinfected Stainless steel tray. 
Using Surgical clamps and Scissors, the umbilical cord is cut 
off approximately 2 inches from the placental disc. 
0342 Starting from the edge of the placental membrane, 
the amnion is separated from the chorion using blunt dis 
section with fingers. This is done prior to cutting the 
membrane. After the amnion is separated from the entire 
Surface of the chorion and placental disc, the amniotic 
membrane is cut around the umbilical cord stump with 
Scissors and detached from the placental disc. In some 
instances, if the separation of the amnion and chorion is not 
possible without tearing the tissue, the amnion and chorion 
is cut from the placental disc as one piece and then peeled 
apart. 

0343. The appropriate data is recorded in the Tissue 
Processing Record. 
0344) The amniotic membrane is rinsed with sterile 0.9% 
NaCl solution to remove blood and fetal fluid or materials. 
The saline solution is replaced as necessary during this rinse. 
0345 The amnion is then placed in a 0.9% saline, 1.0% 
deoxycholic acid solution in a specimen container and 
refrigerated at 2-8°C. for up to 15 days, with changes of the 
solution every 3-5 days. During or at the end of incubation, 
the serological tests noted above are evaluated. If the tests 
indicate contamination with one or more pathogens, the 
amnion is rejected and processed no further. Tissue indicated 
as derived from a CMV-positive donor, however, is still 
suitable for production of biofabric. 
0346) Once the incubation is complete, the amnion is 
removed from the specimen container, placed in a sterile tray 
and rinsed three times with 0.9% NaCl solution to reduce the 
deoxycholic acid from the tissue. With the amnion placed 
maternal side up, the amnion is gently scraped with a cell 
scraper to remove as much cellular material as possible. 
Additional saline is added as needed to aid in the removal of 
cells and cellular debris. This step is repeated for the fetal 
side of the amnion. Scraping is followed by rinsing, and is 
repeated, both sides, as many times as necessary to remove 
cells and cellular material. The scraped amnion is rinsed by 
placing the amnion in 0.9% saline Solution a separate 
container on a rocking platform for 5-120 minutes at setting 
#6. The saline Solution is replaced, and the rocking rinse is 
repeated. 
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0347. After rinsing is complete, the amnion is optionally 
stored in a Zip-lock bag in a refrigerator. 

0348 The scraped amnion is then placed fetal side down 
onto a sterile processing tray. The amnion is gently mas 
saged by hand to remove excess liquid, and to flatten the 
membrane. A sterile plastic sheet is cut so that its dimensions 
are approximately 0.5 cm Smaller in each direction than the 
flat amnion. This plastic sheet is briefly rinsed in 0.9% NaCl 
Solution. The plastic sheet is placed, Smooth side down, on 
the flattened amnion, leaving a margin of uncovered amnion. 
A scalpel is used to trim the amnion, leaving approximately 
0.5 cm extending beyond the sheet edges. These extending 
amnion edges are wrapped back over the plastic sheet. The 
total tissue area to be dried does not exceed 300 cm for a 
standard vacuum heat dryer. 

0349. A sheet of sterile gauze is placed in a vacuum heat 
dryer. A thin plastic mesh is placed on the gauze so that 
approximately 0.5-10.0 cm extends beyond the edges of the 
gauze. The amnion and plastic sheet are then placed into the 
vacuum heat dryer on top of the mesh, tissue side up, and the 
amnion is covered with a sheet of PVC wrap film. The dryer 
is set at 50° C., and the temperature is checked periodically 
to ensure maintenance of 50° C.1°C. The vacuum pump is 
then turned on and set to approximately -22 inches Hg 
vacuum. Drying is allowed to proceed for 60 minutes. 

0350. The dried amnion is then stored in a sealed plastic 
container for further use. 

5.3 EXAMPLE 3 

Collagen Biofabric Laminate 

0351. The collagen biofabric produced by the methods 
described in Example 1, above, was laminated as follows. 
“Dry' collagen biofabric was produced by the procedure 
outlined in Example 1, above, then rehydrated and lami 
nated. “Wet’ collagen biofabric was prepared up to Step III 
of Example 1 (that is up to the point of vacuum drying), then 
laminated. After mounting frames were cut and the “dry” 
biofabric was rehydrated, both types of biofabric were 
mounted by placing the fetal side down, placing the mount 
ing frame on top of the tissue, and cutting the tissue, leaving 
about 1 cm edge around the frame. The 1 cm edge was 
folded over the edge of the frame using a cell scraper. These 
steps were repeated for adding additional pieces of collagen 
biofabric. The laminated biofabric was then placed in a gel 
dryer and dried to substantial dryness (<20% water content 
by weight). Laminates were then cut to 2x6 cm samples. 

0352 Separate lots of the laminated collagen biofabric 
were evaluated as follows. Dimensions of dry (DT) and wet 
(WT) laminated collagen biofabric were determined for 
laminates containing 2, 3, 5 or 8 layers, as shown in Table 
1: 

TABLE 1. 

Thickness (Lm) Length (mm) Width (mm) Weight (mg) 

DT2 29 - 12 20.0 - 0.3 5.2 0.1 O.87 O.O2 
DT3 32 2 20.5 + 0.1 5.2 O2 1.26 - 0.11 
WT2 2O 15 20.2 - 0.2 S.O. O.3 O.93 + 0.17 
WT3 1SS 19.6 0.1 5.1 O.3 O.9 0.04 
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TABLE 1-continued 

Thickness (Lm) Length (mm) Width (mm) Weight (mg) 

WT5 31 - 5 19.8 0.4 5.3 - 0.1 2.06 O.2 
WT8 115 - 26 20.3 O2 5.1 0.4 4.92 - 0.56 

Specimens showed no signs of delamination over the first 
two days post-lamination, when kept under dry conditions at 
room temperature. The laminated collagen biofabric addi 
tionally showed no signs of delamination when kept in 
stirred 0.9% saline, room temperature, for ten days. 

0353 Larger laminated collagen biofabric specimens 
were tested for laminate durability and resistance to delami 
nation. 1x2 cm specimens from the list listed above (i.e., 
DT2, DT3, WT2, WT3, WT5 and WT8) were placed in Petri 
dishes in 5 ml phosphate buffered saline. The specimens 
were left on an orbital shaker for approximately 24 hours at 
95 RPM. No delamination of the specimens was observed, 
either during shaking or thereafter during simple handling. 

5.4 EXAMPLE 4 

Methods Of Treatment 

0354) A patient presents with a venous leg ulcer on the 
inside ankle area of the right leg. The leg ulcer is evaluated 
for infection. The leg ulcer is debrided after administration 
of a local anesthetic. The leg ulcer is measured, and a small 
sheet of collagen biofabric is selected that will completely 
cover the leg ulcer. The collagen biofabric is placed on the 
leg ulcer and gently pressed into the leg ulcer so that the 
collagen biofabric contacts substantially all of the ulcerated 
tissue with no or only small air pockets. The collagen 
biofabric is allowed to adhere to the leg ulcer by adsorption 
to the ulcer. The collagen biofabric is then covered with a 
dressing to prevent disturbance of the leg ulcer. A second 
sheet of collagen biofabric is placed on the healing wound 
4-5 weeks after the first application, in the same manner as 
the first application. If necessary, a third application is 
performed at the 8-9 week mark, and every 3-4 thereafter as 
needed. The leg ulcer is evaluated every 3-4 weeks during 
the wound healing process. 

0355. A second patient presents with a venous leg ulcer 
on the inside ankle area of the right leg. The leg ulcer is 
evaluated for infection. The leg ulcer is debrided after 
administration of a local anesthetic. The leg ulcer is mea 
sured, and a small sheet of collagen biofabric is selected that 
will completely cover the leg ulcer. The collagen biofabric 
is placed on the leg ulcer and gently pressed into the leg 
ulcer so that the collagen biofabric contacts substantially all 
of the ulcerated tissue with no or only small air pockets. The 
collagen biofabric is allowed to adhere to the leg ulcer by 
adsorption to the ulcer. The collagen biofabric, and the lower 
leg, is then covered with a compression bandage. The 
compression bandage is maintained on the leg for the 
duration of the healing process, with changes as necessary. 
A second sheet of collagen biofabric is placed on the healing 
wound 4-5 weeks after the first application, in the same 
manner as the first application. If necessary, a third appli 
cation is performed at the 8-9 week mark, and every 3-4 
thereafter as needed. 
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5.5 EXAMPLE 5 

Treatment Of Venous Leg 
0356) Ulcer Patients With Collagen Biofabric 
0357 Several individuals having leg ulcers were treated 
with collagen biofabric in a non-clinical setting as follows. 
0358 Patient 1: Patient 1 presented with two venous leg 
ulcers on the ankle, one approximately 1 cm x 1.5 cm, the 
other approximately 1.8 cmx1.3 cm. A 6x8 dry sheet of 
collagen biofabric was laid over both, and allowed to adhere 
by adsorption to the wound exudates. By six weeks post 
application, the ulcers were completely healed. 
0359 Patient 2: Patient 2 presented with venous leg 
ulcers measuring approximately 2.2 cmx 1.7 cm and 0.4 
cmx1.0 cm. A 6x8 dry sheet of collagen biofabric was laid 
over both, and allowed to adhere by adsorption to the wound 
exudates. Two weeks after the initial sheet was applied, a 
second sheet was applied to the ulcers. A third application of 
a collagen biofabric sheet was made five weeks after the 
initial application. The ulcers were substantially healed by 
nine weeks after initial application. 
0360 Patient 3: Patient 3 presented with a venous leg 
ulcer, located proximate to the ankle, measuring 1.5 cmx0.9 
cm. Treatment consisted of two applications of a dry col 
lagen biofabric sheet, the second five weeks after the first. 
By eight weeks after the first application, the ulcer had 
epithelialized. 
0361 Patient 4: Patient 4 presented with a single venous 
leg ulcer measuring approximately 3.0 cm x 1.5 cm. By six 
weeks after application of a single sheet of dry collagen 
biofabric, the ulcer had shrunk to approximately 1.8 cmx0.8 
C. 

0362 Patient 5: Patient 5 presented with a single venous 
leg ulcer measuring approximately 2.0 cmx 1.2 cm. A single 
dry sheet of collagen biofabric was applied and allowed to 
allowed to adhere by adsorption to the ulcer exudates. After 
application, the collagen biofabric was moistened to that it 
adhered, as well, to the skin Surrounding the ulcer. A 
dressing and compression were then applied. By 2 weeks 
post-application, the ulcer had noticeably diminished in size. 

5.6 EXAMPLE 6 

Observational Use Study of Biofabric 
0363 A multicenter observational biofabric use study 
was conducted. The study concluded that collagen biofabric, 
applied as a dehydrated human amniotic membrane, is safe 
when used in the management of non-infected, full- or 
partial-thickness acute or chronic wounds. 
0364 Investigators were asked to enroll any patient who 
presented with a non-infected, full- or partial thickness 
wound which could have benefited from the biofabric, 
including acute or chronic wounds. As the study was obser 
Vational, patients were not randomized, and there were no 
control groups. Patients with infected wounds, or with 
known hypersensitivity to the biofabric, were excluded from 
the study. Patients were evaluated for type of wound, safety 
(including number and type of adverse events), and efficacy 
of biofabric treatment. A total of 225 patients, exhibiting a 
total of 240 wounds, were treated in the study. A summary 
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of enrolled patients is presented in Table 2. Although the 
study included patients having burns, collagen vascular 
disease wounds and acute wounds, only data relating to leg 
ulcers is presented in the tables herein. 

TABLE 2 

Patient wound types. 

Age at 
Number Number First 

of of Males Females Visit 

Wound Type patients Wounds N (%) N (%) 

Diabetic foot ulcers 42 45 27 (64%) 15 (36%) 60.6 
Pressure ulcers 22 22 15 (68%) 7 (32%) 66.2 
Arterial (ischemic) 11 14 7 (64%) 4 (36%) 71.9 
ulcers 

Venous stasis ulcers 78 85 42 (54%) 36 (46%) 642 

N = number 

Thirty five of the 42 patients with diabetic foot ulcers 
completed the study, as did 17 of the 22 patients with 
pressure (decubitus) ulcers, 10 of the 11 patients with arterial 
ulcers, and 67 of the 78 patients with venous leg ulcers. 
0365. Each of the patients participating in the study 
received at least one piece (6x8 cm) of the biofabric, applied 
directly to the wound. The biofabric was replaced when it 
appeared to have been absorbed into the wound. Where the 
wound presented dry, the wound was wetted with physi 
ological sterile normal saline prior to applying the biofabric. 
The maximum number of pieces of biofabric applied to any 
one patient was 15. The maximum number of weeks any 
patient was treated with the biofabric was 27.7. The patient 
with the highest number of pieces applied for the longest 
time was one who had seven pieces applied over 15 weeks 
of treatment. Patient exposure to the biofabric is summa 
rized in Table 3: 

TABLE 3 

Summary of exposure to collagen biofabric. 
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0366 During the course of the study, 23 of the leg ulcer 
patients had adverse events, including 16 that developed 
wound infection, three that developed a worsening wound, 
three that developed cellulites at the wound site, and one that 

Age at First 
(average) Visit (range) 

190-87.5 

3O8-89.8 
56.4 84.7 

287-88.6 

developed or experienced rash at the wound site. Six patients 
with leg ulcers experienced severe adverse events, appar 
ently unrelated to the biofabric, during the course of the 
study. Three of these patients died, and one was hospitalized, 
for reasons unknown to the study organizers; one was 
hospitalized for peripheral vascular disease; and one expe 
rienced a cerebral vascular accident. In all, none of the 
adverse or severe adverse events was determined to be due 
to the use of the biofabric. 

0367 Although this observational study was primarily 
designed to capture safety and use information, some effi 
cacy analyses were performed. Specifically, baseline wound 
Surface areas (healers vs. non-healers), decrease in wound 
Surface areas (healers vs. non-healers), and decrease in 
wound Surface area over time were analyzed. Efficacy was 
determined by visual inspection of the wound(s) during the 
study. Patients that had a detectable reduction in the size of 
their wounds were deemed “healers,” while those whose 
wounds did not appear to reduce in size were deemed 

Number of Number N 
Number of Number 6 x 8 of 6 x 8 exposed 
weeks of weeks pieces pieces exposed to -1 

Wound N observed observed applied applied to 1 piece piece 
Type (wounds) (range) (average) (average) (range) biofabric biofabric 

Diabetic 45 &1-253 9.5 2.8 1-15 31 
foot 
ulcers 
Pressure 22 O3-27 8.6 2.1 1 7 11 
ulcers 
Arterial 14 1-2S.S 11.7 2.5 1–6 9 

(ischemic) 
ulcers 
Venous 85 1. 27.7 8.4 2.4 1 7 53 
stasis 
ulcers 

N = number 
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“nonhealers’. Table 4 summarizes wound size reduction in 
healers vs. nonhealers. 

TABLE 4 

Baseline wound Surface areas by wound type. 

N 
Wound Type (wounds) 

Diabetic foot 45 
ulcers 
All diabetic foot 
ulcers except one 
outlier 
Pressure ulcers 22 
Arterial 14 
(ischemic) ulcers 
Venous stasis 85 
ulcers 

N = number 

Wounds 
healed 
N (%) 

15 (33%) 

9 (41%) 
5 (36%) 

36 (42%) 

ALL WOUNDS 
Baseline wound 
Surface area 
(cm) 
Average (range) 

8.0 (0.2-8.1.6) 
6.3 (0.2-22.5)* 

4.3 (0.75–22) 
20.8 (1.2-108) 

13.3 (0.06–203) 

HEALED 
WOUNDS 
Baseline wound 
Surface area 
(cm) 
Average (range) 

8.2 (0.2-8.1.6) 
2.9 (0.2-10.3)* 

1.4 (0.75-3) 
3.1 (1.2–6.4) 

5.2 (0.440) 

NON-HEALED 
WOUNDS 
Baseline wound 
Surface area 
(cm) 
Average (range) 

8.2 (0.3–22.5) 

6.4 (0.8–22) 
30.6 (1.4-108) 

18.8 (0.06–203) 

*Upon further clinical evaluation, one wound, classified by the investigator as a diabetic foot ulcer 
with a surface area of 81.6 cm, appeared to be a post-operative wound located on the calf of a dia 
betic patient. Therefore, a separate efficacy calculation was made excluding this wound. 

0368 Decreases in wound surface area for healers, 
decreases in wound width, and decreases in wound Surface 

Wound Type 

TABLE 5 
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Decrease in wound surface area by wound type (healers 

Diabetic foot 
ulcers 
Pressure ulcers 
Arterial 
(ischemic) ulcers 
Venous stasis 
ulcers 

N = number 

(wounds) 

Baseline wound 
Wounds Surface area 

N healed (cm) 
N (%) Average (range) 

45 15 (33%) 8.2 (0.2-8.1.6) 

22 9 (41%) 1.4 (0.25-3) 
14 5 (36%) 3.1 (1.2–6.4) 

85 36 (42%) 5.2 (0.440) 

0369) 

TABLE 6 

Weeks to heal 
Average 
(range) 

8.4 (3–25.3) 

8.3 (2-19) 
6.0 (2.5–12) 

7.3 (2–27.7) 

area over time observed for all wounds by wound types, are 
presented in Tables 5-7, below. 

Rate of healing 
(cm week) 

Average (range) 

1.1 (0.03–11.7) 

0.23 (0.02-0.43) 
0.73 (0.13–1.8) 

1.1 (0.05-10.8) 

Decrease in wound width (for healers) by wound type 

Wound Type 

Diabetic foot 
ulcers 
Pressure ulcers 
Arterial 

(ischemic) ulcers 
Venous stasis 
ulcers 

N = number 

(wounds) 

Wounds 
N healed 

N (%) 

45 15 (33%) 

22 9 (41%) 
14 5 (36%) 

85 36 (42%) 

Baseline 
wound width 

(cm) 
Average 
(range) 

Weeks to heal 
Average (range) 

1.3 (0.4–3.4) 8.4 (3–25.3) 

1.36 (0.8–2) 

1.6 (0.4–5) 

0.97 (0.5–1.5) 8.3 (2-19) 
6.0 (2.5–12) 

7.3 (2–27 7) 

Rate of 
decrease in 

width 
(cm/week) 

Average (range) 

0.20 (0.03–0.63) 

0.17 (0.04–0.33) 
0.34 (0.09–0.76) 

0.33 (0.04–1.7) 
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0370 

TABLE 7 

Decrease in wound surface area over time for all wounds by wound type. 

Final wound 
Baseline wound Surface area Weeks 
Surface area (cm) observed Rate of healing 

N (cm) Average Average (cm/week) 
Wound Type (wounds) Average (range) (range) (range) Average (range) 

Diabetic foot 45 8.0 (0.20–81.6) 3.4 (0–22.5) 9.5 (0–25.3) 0.6 (-1.8-11.7) 
ulcers 
Pressure ulcers 22 4.3 (0.25–22) 2.8 (0–22.5) 8.6 (0.3–27) 0.31 (-0.28–2.9) 
Arterial 14 20.8 (1.2–49) 15.2 (0–82.7) 11.7 (1–25.5) 0.56 (-1.3–1.8) 
(ischemic) ulcers 
Venous stasis 85 13.3 (0.06–202.5) 6.8 (0-69.9) 8.4 (1–27.7) 0.80 (–3.2–10.8) 
ulcers 

N = number 

0371. One wound type subgroup, venous stasis ulcers, 
was examined in detail. Outcomes for this group are sum 
marized in Table 8. 

TABLE 8 

Venous stasis ulcer (VSU) summary. 

Healed VSU Non-healed 
A VSU (42%) VSU (56%) 
(N = 85) (N = 36*) (N = 48*) 

Patients treated (N) 78 NA NA 
Completed patients (N) 67 (85%) 31 36 
Discontinued patients(N) 11 (14%) O 10 
Age (mean years) 642 65.3 63.9 
Weeks to healing (mean) NA 7.3 NA 
Weeks to healing (median) NA 5.5 NA 
Rate of healing (cm week) NA 1.8 NA 
Weeks of observation (mean) 8.4 7.3 9.3 
Weeks of observation (range) 1. 27.7 2. 27.7 1–21.6 
Mean wound baseline surface 13.3 5.2 18.8 
area (cm) (all wounds) 
Median wound baseline surface 4.8 2.7 9.0 
area (cm) 
Pieces biofabric used (N) 2.4 2.2 2.5 
Wounds treated with 1 piece 32 15 16 
biofabric (N) 
# Wounds treated with 53 21 32 
>1 piece biofabric (N) 
SAEs (N) 4 O 4 
AEs (N): 9 1 8 

AE = Adverse event: SEA = severe adverse event: N = number: N/A = not 
applicable. 
*One patient was lost to follow-up prior to final wound healing determina 
tion. 
"Lost to follow up (N = 5), adverse event (N = 5), withdrew consent (N = 
1). 
fHospitalization for unknown reason (N = 2), death, cause unknown (N = 
1). 
Wound infection (N = 5), worsening wound (N = 1), cellulitis (N = 1), 

rash (N = 1). 

0372 Conclusions: The collagen biofabric (dried amni 
otic membrane) was shown to be safely applicable to 
patients having the four major leg ulcer types. Multiple 
pieces of the biofabric could safely be applied to non 
infected, partial- or full-thickness chronic wounds. Leg 
ulcers, particularly venous leg ulcers, can be considered 
non-healing wounds. Thus, though not an efficacy study, the 
study data indicate that this collagen biofabric be useful in 
the treatment or management of leg ulcers. 

Equivalents: 

0373 The present invention is not to be limited in scope 
by the specific embodiments described herein. Indeed, vari 
ous modifications of the invention in addition to those 
described will become apparent to those skilled in the art 
from the foregoing description and accompanying figures. 
Such modifications are intended to fall within the scope of 
the appended claims. 
0374 Various publications, patents and patent applica 
tions are cited herein, the disclosures of which are incorpo 
rated by reference in their entireties. 

What is claimed is: 
1. A method of treating a leg ulcer, comprising contacting 

said ulcer with a collagen biofabric, wherein said contacting 
improves at least one aspect of the leg ulcer, or prevents or 
reduces the worsening of at least one aspect of a leg ulcer. 

2. The method of claim 1, wherein said collagen biofabric 
is not artificially crosslinked. 

3. The method of claim 1, wherein said collagen biofabric 
is about 20% or less water by weight. 

4. The method of claim 1, wherein said collagen biofabric 
is not protease-treated during production. 

5. The method of claim 1, wherein said contacting is for 
a time Sufficient for at least one aspect of the leg ulcer to 
measurably improve compared to a leg ulcer not contacted 
with the collagen biofabric. 

6. The method of claim 1, wherein said contacting is for 
a time sufficient to prevent or reduce the worsening of at 
least one aspect of a leg ulcer. 

7. The method of claim 1, wherein said leg ulcer is a 
venous leg ulcer, arterial leg ulcer, diabetic leg ulcer or 
decubitus ulcer. 

8. The method of claim 1, wherein said leg ulcer is a 
venous leg ulcer. 

9. The method of claim 1, wherein said collagen biofabric 
is provided as a sheet or membrane. 

10. The method of claim 1, wherein said collagen bio 
fabric is provided as a netting or webbing. 

11. The method of claim 1, wherein said collagen bio 
fabric is mounted on a Support. 

12. The method of claim 11, wherein said support is a 
bandage. 
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13. The method of claim 1, wherein said contacting 
comprises placing the collagen biofabric on the leg ulcer So 
that substantially all of the surface area of the biofabric 
contacts the leg ulcer. 

14. The method of claim 1, wherein said collagen bio 
fabric additionally comprises a bioactive compound not 
naturally-occurring in the collagen biofabric, or present in a 
different concentration than in collagen biofabric to which 
the bioactive compound has not been added. 

15. The method of claim 14, wherein said bioactive 
compound is a small organic molecule, an antibiotic, pain 
medication, anti-inflammatory agent, cytokine, growth fac 
tor, enzyme inhibitor, kinase inhibitor, an anti-tumor agent, 
an anti-fungal agent, an anti-viral agent, an anti-infective 
agent, a wound sealant or a wound healing or sealing agent. 

16. The method of claim 15, wherein said wound healing 
or sealing agent is platelet-derived growth factor (PDGF). 
transforming growth factor (TGF), thymosin, hyaluronic 
acid, fibrin, fibronectin or thrombin, or a combination 
thereof. 

17. A kit for the facilitation of the treatment of leg ulcers, 
comprising a piece of collagen biofabric. 
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18. The kit of claim 17 further comprising a medical 
device, disposable or drug that facilitates treatment of a leg 
ulcer. 

19. The kit of claim 17, wherein the piece of collagen 
biofabric is provided as a single sheet or patch in a sterile 
container or wrapping. 

20. The kit of claim 17 further comprising two or more 
pieces of collagen biofabric, separately wrapped or con 
tained. 

21. The kit of claim 17 further comprising a support for 
the collagen biofabric. 

22. The kit of claim 17 further comprising an anti 
infective agent. 

23. The kit of claim 17, further comprising a wound 
healing agent. 

24. The kit of claim 17, wherein said collagen biofabric is 
provided as a sheet in a sterile double-peel pouch. 


